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♦ NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The angular-acceleration test section which is the slip control unit used for a car equipped with at 
least one prime mover since a wheel is driven, and measures the angular acceleration of the driving shaft for 
transmitting the driving force supplied to said wheel. When said angular acceleration exceeds the 1st 
predetermined threshold, while strengthening the torque limitation of said driving shaft The slip control unit 
characterized by having the torque control section which eases the torque limitation after said strengthening 
when said angular acceleration falls under to said 1st threshold and predetermined limit relaxation conditions are 
satisfied. 

[Claim 2] It is a slip control unit according to claim 1. Said torque limitation In the space top specified with the 
angular-acceleration shaft in which said angular acceleration is shown, and the torque shaft in which the upper 
limit of the torque of said driving shaft is shown It is expressed as a graph showing the relation in which said 
torque upper limit decreases as said angular acceleration increases. Strengthening of said torque limitation The 
slip control unit performed by moving the location of said torque shaft on said angular-acceleration shaft where 
the configuration of said graph is maintained. 

[Claim 3] It is the slip control unit gradually performed in the period when it is a slip control unit according to 
claim 2 at, and, as for migration of said torque shaft in the case of strengthening of said torque limitation, said 
angular acceleration is over said 1st threshold. 

[Claim 4] It is the slip control unit performed by being a slip control unit according to claim 2 or 3, and moving 
the location of said torque shaft on said angular-acceleration shaft after relaxation of said torque limitation has 
maintained the configuration of said graph. 

[Claim 5] It is the slip control unit gradually performed in the period when it is a slip control unit according to 
claim 4 at. and, as for migration of said torque shaft in the case of relaxation of said torque limitation, said 
predetermined limit relaxation conditions are satisfied. 

[Claim 6] It is a slip control unit according to claim 1. Said torque limitation In the space top specified with the 
angular-acceleration shaft in which said angular acceleration is shown, and the torque shaft in which the upper 
limit of the torque of said driving shaft is shown It is the slip control unit performed by changing the minimum 
value to which said angular acceleration can take strengthening and relaxation of said torque limitation on said 
graph by being expressed as a graph showing the relation in which said torque upper limit decreases as said 
angular acceleration increases. 

[Claim 7] It is a slip control unit according to claim 1. Said torque limitation In the space top specified with the 
angular-acceleration shaft in which said angular acceleration is shown, and the torque shaft in which the upper 
limit of the torque of said driving shaft is shown It is the slip control unit performed by changing the maximum to 
which said torque upper limit can take strengthening and relaxation of said torque limitation on said graph by 
being expressed as a graph showing the relation in which said torque upper limit decreases as said angular 
acceleration increases. 

[Claim 8] It is the slip control unit which controls the torque of said driving shaft so that it is a slip control unit 
according to claim 1 to 7. and the rotational frequency of said driving shaft does not exceed said upper limit, 
while setting a upper limit as the rotational frequency of said driving shaft, when said angular-acceleration test 
section exceeds the 2nd threshold have the rotational frequency test section which measures the rotational 
frequency of said driving shaft and predetermined [ section / said / torque control ] in said angular acceleration, 

[Claim 9] It is the slip control unit set up according to the value of the rotational frequency of said driving shaft 
at the specific time at the time of being a slip control unit according to claim 8, and said angular acceleration 
exceeding said 2nd threshold, as for the upper limit of the rotational frequency of said driving shaft. 
[Claim 10] It is a slip control unit according to claim 8 or 9. Said car While having two prime movers, a motor and 
an internal combustion engine, as a prime mover for driving said wheel It has the power division device for 
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transmitting the driving force of said motor and said internal combustion engine to said driving shaft. Said torque 
control section While controlling so that the rotational frequency of said driving shaft does not exceed said 
upper limit by controlling the torque of said motor The slip control unit which makes said internal combustion 
engine operate in the state of an idling when the rotational frequency of said driving shaft exceeds said upper 
limit more than the specified quantity also by the torque control of said motor. 

[Claim 11] Said torque control section is a slip control unit which eases said torque limitation irrespective of 
other conditions when it is a slip control unit according to claim 1 to 10 and the accelerator opening of said car 
is about 100%. 

[Claim 12] It is the slip control unit which adjusts the degree of said torque limitation according to said 
accelerator opening when it is a slip control unit according to claim 1 1 and said torque control section has the 
accelerator opening of said car in the predetermined range near 100%. 

[Claim 13] Said torque control section is a slip control device which eases said torque limitation irrespective of 
other conditions when it is a slip control device according to claim 1 to 12 and the predetermined torque control 
off switch is operated. 

[Claim 14] The car characterized by having at least one prime mover and a slip control unit according to claim 1 
to 13 since a wheel is driven. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the technique which controls the driving force of a wheel in 

consideration of a slip of a car. 

[0002] 

[Description of the Prior Art] The hybrid car equipped with an internal combustion engine and a motor as a 
prime mover is put in practical use. As a technique which controls a slip of a hybrid car. there is a technique 
indicated by JP.1 0-30451 4.A. for example. With this technique, when the rate of change of the angular rate of 
rotation (it is also called "angular acceleration") of a driving wheel is beyond a predetermined value, it predicts 
that a slip of a driving wheel is generated, and the torque of a motor is reduced. Consequently, the slip produced 
with the increment in the motorised force can be prevented. 
[0003] 

[Problem(s) to be Solved by the Invention] With an above-mentioned slip control technique, if a slip of a driving 
wheel is generated, motor torque decreases, but if the angular rate of rotation falls after that, the increment in 
motor torque is permitted and a slip may be generated again. In such a case, generating and a halt of a slip are 
repeated. Since especially the responsibility of the change in the torque by the motor is quick, it is in the 
inclination which such a phenomenon tends to produce by the hybrid car. Such a problem had the case where it 
became a problem also in the car of not only a hybrid car but other classes. 

[0004] This invention is made in order to solve the technical problem mentioned above, and it aims at offering 
the technique in which possibility that generating and a halt of a slip will be repeated by the torque control of a 
driving wheel can be reduced. 
[0005] 

[The means for solving a technical problem, and its operation and effectiveness] In order to attain the above- 
mentioned purpose, the slip control unit of this invention The angular-acceleration test section which is the slip 
control unit used for a car equipped with at least one prime mover since a wheel is driven, and measures the 
angular acceleration of the driving shaft for transmitting the driving force supplied to said wheel. When said 
angular acceleration exceeds the 1st predetermined threshold, while strengthening the torque limitation of said 
driving shaft When said angular acceleration falls under to said 1st threshold and predetermined limit relaxation 
conditions are satisfied, it is characterized by having the torque control section which eases the torque 
limitation after said strengthening. 

[0006] With this configuration, since torque limitation is not eased only by the angular acceleration of a driving 
shaft becoming under the 1st threshold, but torque limitation is further eased when other predetermined limit 
relaxation conditions are satisfied after strengthening torque limitation, possibility that generating and a halt of a 
slip will be repeated can be reduced. 

[0007] In addition, said torque limitation may be expressed as a graph showing the relation in which said torque 
upper limit decreases as said angular acceleration increases on the space specified with the angular- 
acceleration shaft in which said angular acceleration is shown, and the torque shaft in which the upper limit of 
the torque of said driving shaft is shown. At this time, strengthening of said torque limitation may be made to be 
performed by moving the location of said torque shaft on said angular-acceleration shaft, where the 
configuration of said graph is maintained. 

[0008] If it carries out like this, it is possible to set up the suitable torque upper limit for preventing a slip 
according to the angular acceleration of a driving shaft. 

[0009] Migration of said torque shaft in the case of strengthening of said torque limitation may be made to be 

performed gradually in the period when said angular acceleration is over said 1st threshold. 

[0010] Since a torque upper limit will become small so that the period when the slip continued at and angular 
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acceleration is over the 1st threshold becomes long if it carries out like this, it is possible to stop a slip more - 
efficiently. 

[001 1] Relaxation of said torque limitation may be made to be performed by moving the location of said torque 

shaft on said angular-acceleration shaft, where the configuration of said graph is maintained. 

[0012] When carrying out like this and a slip stops, it is possible to ease torque limitation in a suitable form. 

[0013] Moreover, migration of said torque shaft in the case of relaxation of said torque limitation may be made to 

be performed gradually in the period when said predetermined limit relaxation conditions are satisfied. 

[0014] If it carries out like this, compared with the case where torque limitation is eased at once, it is possible to 

prevent the recurrence student of a slip more efficiently. 

[0015] In addition, strengthening and relaxation of said torque limitation may be made to be performed by 
changing the minimum value which said angular acceleration can take on said graph. 

[0016] Or strengthening and relaxation of said torque limitation may be made to be performed by changing the 
maximum which said torque upper limit can take on said graph. 

[0017] Even if such, it is possible to set up the suitable torque limitation for preventing a slip. 
[0018] In addition, said angular-acceleration test section has the rotational frequency test section which 
measures the rotational frequency of said driving shaft, and when said angular acceleration exceeds the 2nd 
predetermined threshold, while said torque control section sets a upper limit as the rotational frequency of said 
driving shaft, you may make it control the torque of said driving shaft so that the rotational frequency of said 
driving shaft does not exceed said upper limit. 

[0019] If it carries out like this, it is possible to make a driving shaft slip continuously within the limits of a 
predetermined rotational frequency. 

[0020] The upper limit of the rotational frequency of said driving shaft may be made to be set up according to 
the value of the rotational frequency of said driving shaft at the specific time at the time of said angular 
acceleration exceeding said 2nd threshold. 

[0021] In this case, it is possible that the rotational frequency of the driving shaft at the specific time at the 
time of angular acceleration exceeding the 2nd threshold is a rotational frequency at the time of the slip not 
being generated. Therefore, if the upper limit of the rotational frequency of a driving shaft is set up according to 
the value of the rotational frequency at this time, it is possible to set up the upper limit of a suitable rotational 
frequency according to operational status. 

[0022] Said car may have the power division device for transmitting the driving force of said motor and said 
internal combustion engine to said driving shaft while having two prime movers, a motor and an internal 
combustion engine, as a prime mover for driving said wheel. While controlling so that the rotational frequency of 
said driving shaft does not exceed said upper limit, when said torque control section controls the torque of said 
motor at this time, when the rotational frequency of said driving shaft exceeds said upper limit more than the 
specified quantity also by the torque control of said motor, you may make it make said internal combustion 
engine operate in the state of an idling. 

[0023] If it carries out like this, it is possible to prevent that a motor carries out overspeed r.p.m. 

[0024] When the accelerator opening of said car is about 100%, you may make it said torque control section ease 

said torque limitation irrespective of other conditions. 

[0025] If it carries out like this, it is possible to perform operation which permitted the slip to escape, for 
example from the depressed ground of a bad road. 

[0026] In addition, when the accelerator opening of said car is in the predetermined range near 100%. you may 
make it said torque control section adjust the degree of said torque limitation according to said accelerator 
opening. 

[0027] If it carries out like this, it is possible to adjust extent of permission of a slip according to accelerator 
opening. 

[0028] In addition, when the predetermined torque control off switch is operated, you may make it said torque 
control section ease said torque limitation irrespective of other conditions. 

[0029] It is possible to perform operation which permitted the slip also by this configuration to escape from the 
depressed ground of a bad road. 

[0030] In addition, this invention can be realized in various modes, for example, can be realized in modes, such as 
a computer program for realizing the function of the slip control unit of a car and an approach, the car using the 
control unit, its control unit, or the control approach, a record medium which recorded the computer program, 
and a data signal embodied in the subcarrier including the computer program. 
[0031] 

[Embodiment of the Invention] Next, the gestalt of operation of this invention is explained in order of the 
following based on an example. 
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A. hybrid car whole configuration: — basic actuation [ of B. hybrid car ]: — configuration [ of C. control 
system ]: — 1st example [ of D. slip control ]: — 2nd example [ of E. slip control ]: — 3rd example [ of F. slip 
control ]: — 4th example [ of G. slip control ]: — H. modification: [0032] A. The whole hybrid car configuration : 
drawing 1 is the explanatory view showing the whole hybrid car configuration as one example of this invention. 
This hybrid car is equipped with an engine 150, the two a motor/generators MG1 and MG2, and three prime 
movers of**. Here, "the motor/generator" means the prime mover which functions also as a motor and 
functions also as a generator. In addition, below, since it is easy, these are only called a "motor." Control of a 
car is performed by the control system 200. 

[0033] The control system 200 has Maine ECU 210, the brake ECU 220, the dc-battery ECU 230, and the engine 
ECU 240. Each ECU is constituted as one unit by which two or more circuit elements, such as a microcomputer, 
and an input interface, an output interface, have been arranged on the one circuit board. Maine ECU 210 has the 
motor control section 260 and the master control section 270. The master control section 270 has the function 
to determine controlled variables, such as allocation of three prime movers 150 and the output of MG1 and MG2. 

[0034] An engine 150 is the usual gasoline engine and rotates a crankshaft 156. Operation of an engine 150 is 
controlled by the engine ECU 240. An engine ECU 240 performs control of the fuel oil consumption and others of 
an engine 1 50 according to the command from the master control section 270. 

[0035] Motors MG1 and MG2 are constituted as a synchronous motor, and are equipped with Rota 132,142 
which has two or more permanent magnets in a peripheral face, and the stator 133,143 around which the three 
phase coil 131,141 which forms rotating magnetic field was wound. The stator 133,143 is being fixed to the case 
119. The three phase coil 131,141 wound around the stator 133,143 of motors MG1 and MG2 is connected to the 
secondary dc-battery 194 through the drive circuit 191,192. respectively. The drive circuit 191.192 is the 
transistor inverter which it equipped with one pair of transistor as a switching element at a time for every phase. 
The drive circuit 191,192 is controlled by the motor control section 260. If the transistor of the drive circuit 
191.192 is switched by the control signal from the motor control section 260, a current will flow between a dc- 
battery 194 and motors MG1 and MG2. Motors MG1 and MG2 can also operate as a motor which carries out a. 
rotation drive in response to supply of the power from a dc-battery 194, when Rota 132,142 is rotating 
according to external force (this operating state is hereafter called power running), can function as a generator 
which makes the both ends of the three phase coil 131.141 produce electromotive force, and can also charge a 
dc-battery 194 (this operating state is hereafter called regeneration). 

[0036] The revolving shaft of an engine 150 and motors MG1 and MG2 is mechanically combined through 
planetary gear 120. the planetary carrier 124 with which planetary gear 120 have a sun gear 121, a ring wheel 
122, and the planetary pinion gear 123 — since — it is constituted. By the hybrid car of this example, the 
crankshaft 156 of an engine 150 is combined with the planetary carrier shaft 127 through the damper 130. The 
damper 130 is formed in order to absorb twist vibration produced in a crankshaft 156. Rota 132 of a motor MG 1 
is combined with the sun gear shaft 125. Rota 142 of a motor MG 2 is combined with the ring wheel shaft 126. 
Rotation of a ring wheel 122 is transmitted to an axle 112 and Wheels 1 16R and 1 16L through a chain belt 129^ 
and a differential gear 114. 

[0037] The rotational frequency sensor 144 of a measurement sake etc. is used for a control system 200 for the 
dc-battery sensor 196 for detecting the brake sensor 163 for detecting the accelerator sensor 165 for using 
various sensors, in order to realize control of the whole car, for example, detecting the amount of treading in of 
the accelerator by the operator, the shift position sensor 167 which detects the location of a shift lever, and the 
treading-in pressure of a brake, and the charge condition of a dc-battery 194. and the rotational frequency of a 
motor MG 2. Since it is mechanically combined with the chain belt 129, the ratio of the rotational frequency of 
the ring wheel shaft 126 and an axle 1 12 of the ring wheel shaft 126 and an axle 1 12 is fixed. Therefore, not only 
the rotational frequency of a motor MG 2 but the rotational frequency of an axle 1 12 is detectable by the 
rotational frequency sensor 144 formed in the ring wheel shaft 126. 

[0038] B. Fundamental actuation of a hybrid car : in order to explain fundamental actuation of a hybrid car, 
below, explain actuation of planetary gear 120 first. Planetary gear 120 have the property in which the rotational 
frequency of the remaining revolving shaft is decided, if the rotational frequency of two of three revolving shafts 
mentioned above is determined. The relation of the rotational frequency of each revolving shaft is as a degree 
type (1). 
[0039] 

Nc=Nsxrho / (1+rho) +Nrxl/(l+rho) ~ (1) 

[0040] Here, Nc is [ the rotational frequency of the sun gear shaft 125 and Nr of the rotational frequency of the 
planetary carrier shaft 127 and Ns ] the rotational frequencies of the ring wheel shaft 126. Moreover, rho is the 
gear ratio of a sun gear 121 and a ring wheel 122 as it is expressed with a degree type. 
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[0041] rho=[number of teeth of sun gear 121]/[the number of teeth of a ring wheel 122] 

[0042] Moreover, the torque of three revolving shafts is not concerned with a rotational frequency, but has the 

fixed relation given by the degree type (2) and (3). 

[0043] 

Ts=Tcxrho/(1+rho) — (2) 

Tr=Tcx1-/(l+rho) = Ts/rho — (3) . 
[0044] Here, Tc is [ the torque of the sun gear shaft 125 and Tr of the torque of the planetary carrier shaft 127 
and Ts ] the torque of the ring wheel shaft 126. 

[0045] The hybrid car of this example can run in the various condition by the function of such planetary gear 
120 For example, where [ comparatively low speed ] transit is begun, while the hybrid car had suspended the 
engine 150. it transmits and runs power to an axle 1 12 by acting as the power running of the motor MG 2. It may 
run carrying out idle operation of the engine 150 similarly. 

[0046] If a hybrid car reaches a predetermined rate after transit initiation, by the torque outputted by acting as 
the power running of the motor MG 1. a control system 200 will carry out motoring of the engine 150 and will 
start. At this time, the reaction force torque of a motor MG 1 is outputted also to a ring wheel 122 through 

planetary gear 1 20. . r.. < oc -i 

[0047] If an engine 150 is operated and the planetary carrier shaft 127 is rotated, the sun gear shaft 125 and the 
ring wheel shaft 126 will rotate under the conditions with which are satisfied of upper type (1) - (3). The power 
by rotation of the ring wheel shaft 1 26 is transmitted to Wheels 1 1 6R and 1 1 6L as it is. The power by rotation of 
the sun gear shaft 1 25 can be revived as power by the 1 st motor MG 1 . On the other hand, if it acts as the 
power running of the 2nd motor MG 2. power can be outputted to Wheels 1 16R and 1 16L through the ring wheel 

[0048] At the time of steady operation, the output of an engine 150 is set as a value almost equal to the demand 
power (namely, rotational frequency x torque of an axle 1 12) of an axle 1 12. At this time, a part of output of an 
engine 150 is told to the direct axle 112 through the ring wheel shaft 126, and the remaining output is revived as 
power by the 1st motor MG 1. Since the 2nd motor MG 2 generates the torque which rotates the ring wheel 
shaft 126. the revived power is used Consequently, it is possible to drive an axle 112 with desired torque with a 

desired rotational frequency. . . ^ u ... o j * K»n o Tk«. 

[0049] When the torque transmitted to an axle 112 runs short, torque is assisted by the 2nd motor ML, Z. I he 
power stored in the power and the dc-battery 149 which were revived by the 1st motor MG 1 "s used for the 
power for this assistance. Thus, a control system 200 controls operation of two motors MGl and MG2 according 
to the demand power which should be outputted from an axle 112. rx • t 

[0050] The hybrid car of this example can also be gone astern, with the engine 150 operated. Operation of an 
engine 150 rotates the planetary carrier shaft 127 in the time of advance, and this direction. If the 1st motor MO 
1 is controlled and the sun gear shaft 125 is rotated at a rotational frequency higher than the rotational 
frequency of the planetary can-ier shaft 1 27 at this time, the ring wheel shaft 1 26 will be reversed in the go- 
astern direction a passage clear from an upper type (1). A control system 200 rotating the 2nd motor MG 2 in 
the go-astern direction, it can control the output torque and can reverse a hybrid car. 

[0051] Planetary gear 120 are in the condition which the ring wheel 122 stopped, and can rotate the planetary 
carrier 124 and a sun gear 121. Therefore, an engine 150 can be operated also after the car has stopped. For 
example, if the remaining capacity of a dc-battery 194 decreases, a dc-battery 194 can be charged by operating 
an engine 150 and carrying out regeneration operation of the 1st motor MG 1. If it acts as the power running of 
the 1st motor MG 1 when the car has stopped, by the torque, motoring of the engine 150 can be carried out and 

it can start. . . .u j *^-\^a 

[0052] C. The configuration of a control system : drawing 2 is the block diagram showing the nriore detailed 
configuration of a control system 200. The master control section 270 includes master '^''P^^l 
power control circuit 274. Moreover, the motor control section 260 has two motor control CPUs264.266 for 
controlling the motor main control CPU 262 and two motors MGl and MG2, respectively. Each CPU is equipped 
with CPU, ROM and RAM, the input port, and the output port which are not illustrated, respectively, and 
constitutes 1 chip microcomputer with these. 

[0053] Master control CPU272 determines controlled variables, such as three prime movers 150, a rota^onal 
frequency of MGl and MG2, and allocation of torque, supplies various kinds of desired value to other CPUs and 
ECUS and has the function which controls the drive of each prime mover. For this control, the accelerator 
position signals API and AP2 which show accelerator opening, the shift position signal SP 1 which shows a shitt 
position and SP2 grade are supplied to master control CPU272. In addition, the accelerator sensor 1 65 and the 
shift position sensor 167 are duplex-ized. respectively, and supply two accelerator position signals API and APZ 
and two shift position signals SP1 and SP2 to master control CPU272. respectively. 
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[0054] The power control circuit 274 is a circuit for changing the high voltage direct current electrical potential 
difference of a dc-battery 194 into the low voltage direct current voltage for each circuits in Maine ECU 210. 
This power control circuit 274 also has the function as a supervisory circuit which supervises the abnormalities 
of master control CPU272. 

[0055] An engine ECU 240 is the engine output request value PEreq given from master control CPU272. It 
responds and an engine 150 is controlled. From an engine ECU 240. the engine speed REVen of an engine 150 is 
fed back to master control CPU272. 

[0056] The motor main control CPU 262 supplies current desired value Ilreq and I2req to two motor control 
CPUs264,266 according to torque desired value Tireq about the motors MG1 and MG2 given from master 
control CPU272, and T2req, respectively. Motor control CPU264,266 controls the drive circuit 191,192 according 
to current desired value Ilreq and I2req, respectively, and drives motors MG1 and MG2. From the rotational 
frequency sensor of motors MG1 and MG2. the rotational frequencies REV1 and REV2 of motors MG1 and MG2 
are fed back to the motor main control CPU 262. In addition, the engine speeds REV1 and REV2 of motors MGl 
and MG2. the current value IB from the dc-battery 194 to the drive circuit 191,192, etc. are fed back to master 
control CPU272 from the motor main control CPU 262. 

[0057] A dc-battery ECU 230 accepts the need while supervising the charge condition SOC of a dc-battery 194, 
and it is the charge desired value CHreq of a dc-battery 194. Master control CPU272 is supplied. Master control 
CPU272 is this desired value CHreq. It takes into consideration and opts for the output of each prime mover. 
That is, when charge is required, larger power than an output required for transit is made to output to an engine 
150, and the part is distributed to the charge actuation by the 1st motor MG 1. 

[0058] A brake ECU 220 performs control which balances the hydraulic brake which is not illustrated and the 
regenerative brake by the 2nd motor MG 2. This reason is that regeneration actuation by the 2nd motor MG 2 is 
performed, and a dc-battery 194 is charged by this hybrid car at the time of a brake. A brake ECU 220 is based 
on the brake pressure force BP from the brake sensor 163. and, specifically, is the regeneration desired value 
REGreq to master control CPU272. It inputs. Master control CPU272 is this desired value REGreq. It is based, 
opts for actuation of motors MGl and MG2, and the regeneration effective value REGprac is fed back to a brake 
ECU 220. A brake ECU 220 is this regeneration effective value REGprac and the regeneration desired value 
REGreq. Based on difference and the brake pressure force BP, the amount of brakes by the hydraulic brake is 
controlled to a suitable value. 

[0059] As mentioned above, master control CPU272 opts for each prime mover 150 and the output of MGl and 
MG2, and supplies desired value to ECU240 and CPU264,266 which take charge of each control. ECU240 and 
CPU264.266 control desired value ****** each of this prime mover. Consequently, a hybrid car can output and 
run suitable power from an axle 1 12 according to a run state. Moreover, at the time of a brake, a brake ECU 220 
and master control CPU272 cooperate, and actuation of each prime mover or a hydraulic brake is controlled. 
Consequently, braking for which an operator is not made to sense sense of incongruity not much is realizable, 
reviving power. 

[0060] Four CPUs272,262,264,266 supervise mutual abnormalities using the so-called watch locking-dog pulse 
WDP. and when abnormalities occur in CPU and a watch locking-dog pulse stops, they have the function to 
make the CPU supply and reset reset-signal RES. In addition, the abnormalities of master control CPU272 are 
supervised by the power control circuit 274. 

[0061] The abnormality hysteresis registration circuit 280 has EEPROM282 for registering the hysteresis of an 
abnormal occurrence. The hysteresis of the abnormal occurrence of the accelerator sensor 165 or the shift 
position sensor 167 is registered into this EEPROM282. Moreover, the reset signals RES1 and RES2 transmitted 
and received between master control CPU272 and the motor main control CPU 262 are inputted into the input 
port of the abnormality hysteresis registration circuit 280. The abnormality hysteresis registration circuit 280 
stores this in internal EEPROM282, if these reset signals RES1 and RES2 occur. 

[0062] In addition, master control CPU272 and the abnormality hysteresis registration circuit 280 can perform 
various kinds of demands and notices mutually through the two-way communication wiring 214. Moreover, the 
two-way communication wiring 212 is formed also between master control CPU272 and the motor main control 
CPU 262. 

[0063] D. The 1st example of slip control : drawing 3 is the block diagram showing the circuitry related to slip 
control. Master control CPU272 has the function as angular-acceleration decision section 272a. and the function 
as torque control section 272b. Angular-acceleration decision section 272a determines the rotational speed N of 
the 2nd motor MG 2, and the angular acceleration AX which is time amount change of rotational speed based on 
the signal REV2 supplied through the motor main control CPU 262 from the rotational frequency sensor 144. It is 
the unit [rpm] which shows the rotational frequency for 1 minute as a unit of rotational speed N here, for 
example. It is used. The rotational frequency sensor 144 measures rotational speed N every 16ms. In this case. 
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angular-acceleration decision section 272a calculates the average Nave of the past 3 times of the last rotational 
speed N (namely, moving average). And as shown in the following (4) types, it is this average Nave. It opts for 
change as angular acceleration AX. 
[0064] 

AX(i) =Nave(i)-Nave (i-1) ~ (4) 

[0065] Here, AX (i) is the angular acceleration in time of day (i), and Nave (i) is the average of the rotational 
speed N in time of day (i-2), (i-1), and (i). . 
[0066] Since angular acceleration AX expresses change of the rotational frequency in every 1 6ms at this time, 
that unit is [rpm / 16ms]. However, it is possible to adopt the unit of the arbitration which shows time amount 
change of rotational speed as a unit of angular acceleration AX. In addition, in this specification, a rotational 
frequency, rotational speed, and angular velocity are synonyms. Moreover, roll acceleration and angular 
acceleration are also synonyms. 

[0067] Torque control section 272b is based on the accelerator position signals API and AP2 given from the 
accelerator sensor 165, the engine speed N given from angular-acceleration decision section 272a, angular 
acceleration AX. and the engine speed REVen of the engine 150 given from the engine ECU 240, and is torque 
command value T2req of the two motors MG1 and MG2. and Tireq. Output request value PEreq of an engine 

150 It determines. . ^cci. 

[0068] The accelerator sensor 165 consists of two sensors 165a and 165b. As these sensors 165a and 165b, a 
potentiometer is available, for example. Torque control section 272b also has the function to determine 
accelerator opening (the amount of treading in of an accelerator pedal), based on the accelerator position signals 
API and AP2 given from two sensors 165a and 165b. 

[0069] Drawing 4 is the explanatory view showing an example of the torque command value / vehicle speed map 
set up according to the accelerator opening AOP. As shown in this example, the map in which the relation 
between the vehicle speed and the torque command value Tr (desired value of the torque which should be 
outputted to an axle) is shown is beforehand prepared about each value of the accelerator opening AOP. These 
maps are stored in ROM which is not illustrated for example, for master control CPU272. In addition, in this 
example, the rotational frequency N of the 2nd motor MG 2 is used instead of the vehicle speed. Torque control 
section 272b determines the torque command value Tr from this map, and opts for three prime movers 150, the 
rotational frequency of MG1 and MG2, or allocation of torque according to this torque command value Tr and the 
rotational frequency N of the 2nd motor MG 2. However, the torque of the 2nd motor MG 2 is restricted 
according to angular acceleration AX for slip control so that it may mention later. 

[0070] The function of angular-acceleration decision section 272a and torque control section 272b is realized 
when master control CPU272 performs the program stored in ROM which is not illustrated. ^ 
[0071] In addition, the output shaft of the 2nd motor MG 2 is equivalent to the "driving shaft in this invention, 
and the rotational frequency sensor 144 and angular-acceleration decision section 272a are equivalent to the 
"angular-acceleration test section" in this invention. 

[0072] Drawing 5 is a graph which usually shows the torque limitation map of the 2nd motor MG 2 at the time of 
operation. As shown in this graph, it is the torque upper limit Tmax of the 2nd motor MG 2. It is set up so that it 
may decrease as angular acceleration AX becomes large. This reason is for making it a rotational frequency N 
not increase rapidly by restricting motor torque to a small value, when angular acceleration AX is large (namely, 
when the rate of increase of a rotational frequency N is large). It is possible to stop a slip, if rapid increase of a 
rotational frequency N is controlled. 

[0073] Drawing 6 is the explanatory view showing the example which acUusts torque limitation according to 
change of motor angular acceleration in the 1st example of slip control. Angular acceleration AX is measured in 
the time of day tO and t1 of a fixed period (specifically 16ms). and t2 — . In the 1st example, a slip is detected 
using the following slip detection conditions SI. 

[0074] (SI) Angular acceleration AX is the 1st one or more thresholds AXT. 

[0075] As shown in drawing 6 . torque limitation is strengthened in the period PI when angular acceleration AX 
is maintained at the 1st one or more predetermined thresholds AXT. If angular-acceleration decision section 
272a specifically judges that angular acceleration AX is over a threshold AXT1 in time of day t1-t4. it is the 
torque upper limit Tmax of drawing 5 . Torque limitation is strengthened by moving a shaft rightward gradually. 
[0076] Drawing 7 (A) - (E) is the explanatory view showing the situation of strengthening of the torque limitation 
in the period PI of drawing 6 . At the time of day tO of drawing 6 R> 6. the activation angular acceleration AXc is 
17 [rpm / 16ms]. and since it is smaller than the 1st threshold AXT1 (= 20 [rpm / 16ms]), a torque limitation 
map is usually a passage ( drawing 7 (A)). In addition, the angular acceleration measured at the time is meant in 
the activation angular acceleration AXc. 

[0077] Since the activation angular acceleration AXc is over the threshold AXT1 at time of day t1 . it is the 
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torque upper limit Tmax. A shaft (it is only hereafter called a "torque shaft") moves only fixed distance rightward 
rather than an initial state ( drawing 7 (B)). In this example, movement magnitude is 10 [rpm / 16ms]. In addition, 
the black dot shows the location of the present angular acceleration AXc on the torque limitation map after a 
torque shaft moves, and the white round head shows the location of present acceleration AXc' on the torque 
limitation map of an initial state. Torque upper limit [ as opposed to / so that he can understand from this 
drawing / the activation angular acceleration AXc with the torque limitation map after strengthening ] Tmax A 
value is set as a value lower than an early torque limitation map. 

[0078] Also in the time of day t2, t3, and t4 of drawing 6 , since the activation angular acceleration AXc is over 
the threshold AXT1, in each time of day. a torque shaft carries out sequential migration rightward. That is. 10 
[rpm / 16ms] torque shaft moves every 16ms ( drawing 7 (C) - (E)). [ every ] However, at time of day t4. the 
movement magnitude of the torque shaft from an initial state is restricted to maximum movement magnitude 
deltamax (= 35 [rpm / 16ms]). Thus, the maximum of the movement magnitude of a torque shaft is restricted 
because it becomes impossible to almost drive an axle by the 2nd motor MG 2 irrespective of the value of 
angular acceleration AX if a torque shaft moves too much, since a torque upper limit becomes zero. 
[0079] If the period when angular acceleration AX is over the threshold AXT1 continues for a long time so that 
he can understand from drawing 7 (E), it is the torque upper limit Tmax from the case where an early torque 
limitation map is used. It is restricted to a quite small value. Consequently, it can prevent that the rotational 
frequency N of the 2nd motor MG 2 (namely, rotational frequency of an axle 112) increases rapidly. For example, 
if a wheel slips and the rotational frequency of an axle 112 increases rapidly, the rotational frequency N of the 
2nd motor MG 2 will increase according to this. Since the torque of the 2nd motor MG 2 is restricted at this 
time as shown in drawing 7 (A) - (E), a slip can be stopped. 

[0080] In this way, since angular acceleration AX becomes less than one threshold AXT at time of day t5 after 
torque limitation is strengthened with the time of day t1-t4 of drawing 6 , a torque limitation map is maintained 
at the condition of time of day t4. Angular acceleration AX is less than one threshold AXT. and that torque 
limitation is eased is the case where any one of the following limit relaxation conditions (Mia) - (MIc) is 
materialized. 

[0081] (Mia) The difference of whenever [ wheel speed / of a front wheel and a rear wheel ] is zero mostly, and 

accelerator opening is not 0. 

(Mlb) Angular acceleration AX is zero or less. 

(MIc) The vehicle speed is 30 or more km/h. 

[0082] It is a time of the slip having stopped and the operator desiring acceleration that 1st limit relaxation 
condition Mia is materialized. Therefore, the torque limitation of the 2nd motor MG 2 is eased in this case. In 
addition, whenever [ wheel speed ] is measured by the wheel speed sensor which is formed in the front wheel 
and the rear wheel, respectively and which is not illustrated. 

[0083] It is whether the rotational frequency N is maintained and a time of decreasing that 2nd limit relaxation 
condition Mlb is materialized. Since the slip has usually stopped in these cases, torque limitation is eased also in 
this case. 

[0084] That 3rd limit relaxation condition MIc is materialized is the case where a slip stops and the vehicle 
speed rises etc., after a slip takes place for example, at the time of start. Usually, since possibility that a slip will 
be generated again in such a case is low. torque limitation is eased also in this case. 

[0085] When materialized more than period deltat of such three relaxation conditions Ml a-M1c predetermined 
[ any one ], it is judged that the slip has stopped and torque limitation is eased after that. For example, after the 
time of day t6 of drawing 6 , if angular acceleration AX is maintained at negative only for between waiting periods 
P2 (deltat = about 200ms), torque limitation will be eased after the subsequent time of day tlO. The reason for 
having formed such a waiting period P2 is for preventing performing relaxation and strengthening of torque 
limitation repeatedly more effectively, while changing angular acceleration and the vehicle speed. However, a 
waiting period P is not indispensable and may be omitted. 

[0086] Relaxation of torque limitation is performed by moving a torque shaft to left-hand side gradually in each 
time of day. The value smaller than the movement magnitude at the time of strengthening of torque limitation of 
the value of this movement magnitude is desirable, for example, it is set as 5 [rpm / 16ms]. This reason is that it 
is desirable to ease torque limitation gradually when preventing the recurrence student of a slip. 
[0087] Drawing 8 is a graph which shows an example of change of the various parameters when not 
strengthening torque limitation mentioned above. If an operator breaks in an accelerator deeply suddenly as 
shown in drawing 8 (a), the torque of the 2nd motor MG 2 increases rapidly ( drawing 8 (c)). a slip will be 
generated and the rotational frequency N of the 2nd motor MG 2 will increase rapidly ( drawing 8 (b)). Since the 
angular acceleration AX (not shown) of the 2nd motor MG 2 also increases rapidly at this time, according to the 
torque limitation map in drawing 5 , the torque command value of the 2nd motor MG 2 is restricted, and motor 
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torque falls rapidly ( drawing 8 (c)). Consequently, a slip stops 1 ** and a rotational frequency N falls. However,, 
since angular acceleration AX will also fall if a rotational frequency N falls, it is permitted that motor torque 
increases according to the torque limitation map of drawing 5 . If motor torque increases, a slip will be generated 
again and the motor rotational frequency N will increase. Thus, the phenomenon in which generating and a halt of 
a slip are repeated may arise only by using the torque limitation map of drawing 5 R> 5. 
[0088] Drawing 9 is a graph which shows an example of change of the various parameters at the time of 
strengthening torque limitation by the 1st example. Also in this example, if an operator breaks in an accelerator 
deeply suddenly as shown in drawing 9 (a), the torque of the 2nd motor MG 2 increases rapidly ( drawing 9 (c)), a 
slip will be generated and the rotational frequency N of the 2nd motor MG 2 will increase rapidly ( drawing 9 (b)). 
Since the angular acceleration AX (not shown) of the 2nd motor MG 2 also increases rapidly at this time, torque 
limitation is strengthened, the torque command value of the 2nd motor MG 2 is restricted, and motor torque falls 
rapidly ( drawing 9 (c)). Consequently, a slip stops 1 ** and a rotational frequency N falls. It is almost the same 
as the case where it is shown in drawing 8 so far. However, in the 1st example, since the torque limitation after 
strengthening is not immediately eased, even if a slip stops and angular acceleration AX falls, the rise of torque 
is restricted. Consequently, possibility that the phenomenon in which generating and a halt of a slip are repeated 
will arise is reduced. <BR> [0089] Drawing 10 is the explanatory view showing the 1st modification of 
strengthening of the torque limitation in the 1st example. Although a torque shaft does not move in this 1st 
modification instead, it is the minimum angular-acceleration value AXmin. It changes gradually. Here, "the 
minimum angular-acceleration value AXlim" means the minimum value which angular acceleration AX can take 
on a torque limitation map. Drawing 10 (A) - (E) is the minimum angular-acceleration value AXlim at the time of 
strengthening of torque limitation. Signs that it increases gradually are shown. Drawing 1010 (A) As shown in - 

(D) , the activation angular acceleration AXc is the minimum angular-acceleration value AXlim. When having 
exceeded, motor torque is restricted on a torque limitation map with the torque value shown with the activation 
angular acceleration AXc. On the other hand, the activation angular acceleration AXc is the minimum angular- 
acceleration value AXlim like [ in the case of drawing 10 (E) ]. When less, motor torque is set on a torque 
limitation map, and it is the minimum angular-acceleration value AXlim. It is restricted with the torque value 
(value shown by the black dot) shown. The minimum angular-acceleration value AXlim It also receives and is 
maximum deltamax of the variation. It can set up ( drawing 10 (E)). In addition, at the time of relaxation of torque 
limitation, it is the minimum angular-acceleration value AXlim. It decreases gradually. 

[0090] Thus, in order to perform strengthening and relaxation of torque limitation, it is the minimum angular- 
acceleration value AXlim of a torque limitation map. Even if it makes it make it change gradually, possibility that 
generating and a halt of a slip will be repeated can be reduced like the 1st example of the above. 
[0091] Drawing 1 1 is the explanatory view showing the 2nd modification of strengthening of the torque limitation 
in the 1st example. The minimum angular-acceleration value [ in / at this 2nd modification / the 1st 
modification ] AXlim To instead of, it is the maximum torque upper limit Tlim of a torque limitation map. It 
changes gradually, here — "the maximum torque upper limit Tlim" — a torque limitation map top — setting 
torque upper limit Tmax The maximum which can be taken is meant. Maximum torque upper limit Tlim If it is 
made to change gradually, it will change, as the configuration of a torque limitation map shows drawing 1 1 (A) - 

(E) . Motor torque is restricted on the torque limitation map after this change by the torque value (a black dot 
shows) shown with the activation angular acceleration AXc. Maximum torque upper limit Tlim It is also related 
and is maximum deltamax of the variation. It is possible to set up. In addition, at the time of relaxation of torque 
limitation, it is the maximum torque upper limit Tlim. It increases gradually. 

[0092] Thus, in order to perform strengthening and relaxation of torque limitation, it is the maximum TOKURU 
upper limit Tlim of a torque limitation map. Even if it makes it make it change gradually, possibility that 
generating and a halt of a slip will be repeated can be reduced like the 1st example of the above, or the 1st 
modification. 

[0093] Thus, in the 1st example or its modification, since the torque limitation of the 2nd motor MG 2 is 
gradually strengthened in the period when the angular acceleration AX of the 2nd motor MG 2 is over the 1 st 
threshold AXT1, it is possible to stop a slip efficiently. Moreover, since torque limitation is gradually eased when 
angular acceleration AX falls to less than one threshold AXT after that and predetermined limit relaxation 
conditions other than this threshold AXT1 are satisfied, it is possible to prevent efficiently that a slip is 
generated again. Consequently, possibility that generating and a halt of a slip will be repeated can be reduced. 
[0094] Since an axle 112 and the output shaft of the 2nd motor MG 2 rotate by the fixed ratio especially when 
the rotational frequency of right-and-left ( drawing 1 ) both wheels of an axle 1 12 is almost equal, it is possible 
by restricting the torque of the 2nd motor MG 2 to control a slip efficiently. 

[0095] E. 2nd example [ of slip control ]: — control of the 1st example mentioned above in the 2nd example — 
in addition, perform slip control more efficiently by adding a limit to the rotational frequency N of the 2nd motor 
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MG2. 

[0096] Drawing 12 is a graph which shows the rotational frequency N of the 2nd motor MG 2, and an example of 
change of angular acceleration AX. Since angular acceleration AX is over the 1st threshold AXT1 at time of day 
t1 as shown in drawing 12 R> 2 (B), as the 1st example explained, torque limitation is strengthened, and it 
becomes a torque limitation map as shown in drawing 7 (B). Consequently, the torque of the 2nd motor MG 2 is 
restricted, a rotational frequency N falls immediately and angular acceleration AX serves as a with a threshold 
[ 1st / AXT ] of one or less small value. However, since - (MIc) does not continue after that only the relaxation 
conditions (Mia) mentioned above and waiting period deltat ( drawing 6 ). a torque limitation map is maintained 
with the condition of drawing 7 (B). Henceforth [ the time of day t3 of drawing 12 (B) ], in spite of restricting 
motor torque, torque limitation is inadequate according to the causes of wearing a tire out, such as a way and a 
situation of a road surface. Therefore, as shown in drawing 12 R> 2 (A) after time of day t3. the motor rotational 
frequency N will increase gradually, without a slip stopping. 

[0097] Thus, in order to prevent that the motor rotational frequency N increases without a slip stopping, in the 
2nd example, the following slip detection conditions S2 are used first, a slip is detected, and torque limitation 
using the upper limit of a motor rotational frequency is performed. 

[0098] (S2) Angular acceleration AX is the 2nd two or more thresholds AXT, and the motor rotational frequency 
N is a rotational frequency Ngrp at the time of a grip. 40rpm It is larger than the added value (Ngrp+40). 
[0099] Here, it is a rotational frequency Ngrp at the time of a grip. The value of the rotational frequency in the 
time of day tO just before angular acceleration AX exceeds the 2nd threshold AXT2 (= 10 [rpm / 16ms]) is 
meant as shown in drawing 1212 (A) and (B). The vocabulary of "being a rotational frequency at the time of a 
grip" is the semantics of a rotational frequency when the wheel grips the road surface before a slip, in addition, 
the time of a grip — rotational frequency Ngrp ****** — the value at other times may be adopted and. 
generally it is possible to adopt the value of the rotational frequency at the specific time at the time of angular 
acceleration AX exceeding the 2nd threshold AXT2. 

[0100] the time of the above-mentioned slip detection conditions S2 being satisfied — a slip — generating — 
**** — value Ngrp in front of a slip of the motor rotational frequency N from — it is increasing gradually. Then, 
torque limitation using the upper limit of the motor rotational frequency N is performed in this case. 
[0101] Drawing 13 is the explanatory view showing the upper limit of the motor rotational frequency set up in the 
2nd example, and the torque limitation related with this. As shown in drawing 13 (A), it is the upper limit Nmax of 
the rotational frequency of the 2nd motor MG 2. It is a rotational frequency Ngrp at the time of a grip. It 
responds and is determined as follows. 

[0102] (1) Ngrp lOOOrpm When it is the following, it is :Nmax =1400rpm(2) Ngrp. lOOOrpm When exceeding, it 
is :Nmax =Ngrp+800rpm [0103]. These engine-speed upper limits Nmax It also takes into consideration 
preventing the overspeed r.p.m. of a differential gear 1 14 ( drawing 1 ), and is determined. That is. when a big 
difference is in the engine speed of a wheel on either side, a differential gear 114 may carry out overspeed r.p.m. 
On the other hand, it is the upper limit Nmax as shown in the above (1) and (2) to the rotational frequency N of 
the 2nd motor MG 2. If it sets up, also when a big difference is in the rotational frequency of a wheel on either 
side temporarily, the rotational frequency of a differential gear 1 14 will be settled in a certain amount of range. 
Consequently, it is possible to prevent the overspeed r.p.m. of a differential gear 114. 

[0104] Torque limitation is performed using the torque limitation rate Rtr shown in drawing 13 (B). At this 
example, the torque limitation rate Rtr is the motor rotational frequency upper limit Nmax. It is set up according 
to rotational frequency allowances (Nmax-Nc) to be difference with the activation rotational frequency Nc 
(current rotational frequency). Here, it is the upper limit Tmax of a torque limitation map in the torque limitation 
rate Rtr. It is the value by which it can multiply and an actual torque upper limit is given by (Tmax xRtr). That is, 
as an actual upper limit of the torque of the 2nd motor MG 2. it is the upper limit Tmax of a torque limitation 
map as shown in drawing 6 and drawing 7 . The value (Tmax xRtr) which multiplied by this rate Rtr is used. 
[0105] Rotational frequency allowances are SOOrpm. It is the upper limit Tmax which the limit percentage Rtr is 
100% and was shown in drawing 6 R> 6 and drawing 7 as a torque upper limit when it was above. It is used as it 
is. On the other hand, rotational frequency allowances are SOOrpm. Since the limit rate Rtr serves as a value 
proportional to rotational frequency allowances when it is the following, an actual torque upper limit (Tmax xRtr) 
is also adjusted according to this. Therefore, the activation rotational frequency Nc of the 2nd motor MG 2 is 
the upper limit Nmax. When near, an actual torque upper limit is controlled by the small value. Consequently, the 
activation rotational frequency Nc is a upper limit Nmax. The 2nd motor MG 2 is controlled not to exceed. In 
addition, the activation rotational frequency Nc is the upper limit Nmax. Since actual torque upper-limit Tmax 
xRtr becomes zero when having exceeded (namely, when rotational frequency allowances are negative), it can 
prevent that the rotational frequency N increases. 

[0106] The torque limitation at a motor rotational frequency is canceled when all following condition-resolutive 
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(M2a) - (M2c) is materialized. 

[0107] (M2a) The present rotational frequency Nc is a rotational frequency Ngrp at the time of a grip. 40rpm It is 
below the added value (Ngrp+40). 

(M2b) The absolute value of angular acceleration AX is under 5 [rpm / 16ms]. 

(M2c) The difference of the rotational frequency of a front wheel and a rear wheel is below a predetermined 
allowed value. 

[0108] When all of such condition-resolutive M2 a-M2c are materialized beyond a predetermined period (for 
example, 500ms), it is judged that the slip stopped and the torque limitation by motor rotational frequency limit is 
canceled. 

[0109] Thus, since the torque was controlled by the 2nd example to restrict the rotational frequency of the 2nd 
motor MG 2, it is possible to prevent the phenomenon in which a slip continues and the rotational frequency of 
the 2nd motor MG 2 and the rotational frequency of a differential gear 114 increase too much. 
[01 10] In addition, the torque limitation by limit of a motor rotational frequency is effective especially when 
strengthening of the torque limitation explained by drawing 7 is not performed. Therefore, as for the 2nd 
threshold AXT2 used in the 2nd example, it is desirable to consider as a value smaller than the 1st threshold 
AXT1 in the 1st example. 

[01 1 1] F. 3rd example [ of slip control ]: — control of motor torque [ in / at the 3rd example / the 2nd example ] 
— in addition, control the overspeed r.p.m. of a driving shaft by operating an engine 1 50 in the state of an idling 
under specific conditions. 

[01 12] Drawing 14 is the explanatory view showing the range of the idling operation transitional zone set up in 
the 3rd example. Here, the idling operation transitional zone means the field which makes an engine 150 shift to 
an idling condition compulsorily. When the following conditions (S3) are satisfied, master control CPU272 
operates an engine 150 in the state of an idling. 

[01 13] (S3) The activation rotational frequency Nc of a motor is a upper limit Nmax. 200rpm It is over the added 
value (Nmax+200). 

[01 14] Since an axle 112 drives by the torque from an engine 150 even if it makes motor torque into zero when 
this condition S3 is satisfied, a motor rotational frequency may not fall and a slip may not be suspended, either. 
Then, if an engine 150 is compulsorily operated in the state of an idling, in such a case, a motor rotational 
frequency can be reduced, and a slip can be stopped to it. In addition, **** of "operating in the state of an idling 
compulsorily" means that it operates in the state of an idling, also when there is no accelerator opening 0. 
[01 15] This compulsive idling operation is canceled when at least one of the following condition resolutive (M3a) 
and the (M3b) is materialized. 

[01 16] (M3a) the present rotational frequency Nc of a motor MG 2 ~ the time of a grip ~ rotational frequency 
Ngrp from — 500rpm It is under the subtracted value (Ngrp-500). 
(M3b) Angular acceleration AX is zero or less. 

[01 17] If one of these conditions resolutive (M3a) and the (M3b) is materialized, it can be judged that the slip has 
stopped. Therefore, it is desirable by permitting the increment in the output of an engine 150 in this case to 

raise performance. . i en 

[01 18] By the way, also when it slips at the time of retreat of a car, it may be desirable to make an engine 150 
shift to an idling condition compulsorily. By the hybrid car of this example, the driving force at the time of retreat 
is mainly got by the power running of the 2nd motor MG 2, and the power of an engine 150 is almost revived by 
the 1st motor MG 1 at this time. When it slips at the time of retreat, hunting also of the power which hunting 
arises in the engine speed N of the 2nd motor MG 2, for this reason is revived by the 1st motor MG 1 may be 
carried out. Since an engine 150 is controlled to keep regeneration electric energy constant at this time, hunting 
will arise also in the operational status of an engine 150. 

[01 19] Then, when the angular acceleration AX of the 2nd motor MG 2 is over 20 [rpm / 16ms] at the time of 
retreat, master control GPU272 is judged to be what the slip has produced, and makes an engine 150 shift to an 
idling condition compulsorily. By carrying out like this, it is possible to suspend a slip and to prevent hunting of 
an engine 150. 

[0120] In addition, compulsive idling operation of the engine at the time of retreat is canceled when a car stops. 
Moreover, also when a specific condition resolutive (slip condition precedent) is satisfied, compulsive idling 
operation is canceled. 

[0121] Thus, since an engine 150 is compulsorily operated in the state of an idling in the 3rd e)^ample when 
predetermined slip detection conditions are satisfied, it is possible to prevent the overspeed r.p.m. of a driving 
shaft, engine hunting, etc. 

[0122] G. The 4th example of slip control : although the 1st thru/or the 3rd example mentioned above is control 
(the so-called traction control) for stopping a slip, there is to suspend a slip depending on a situation. For 
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example, when escaping from the depressed ground of bad roads, such as a snowy road and a muddy road, it will 
be necessary to permit a certain amount of slip. Then, in the slip control explained in the 1st example, when 
predetermined slip permissive conditions are satisfied, it controls by the 4th example to permit a slip. 
[0123] Drawing 15 is maximum movement magnitude deltamax of the torque shaft at the time of strengthening of 
torque limitation. It is the graph which shows relation with accelerator opening. Here, it is maximum movement 
magnitude deltamax of a torque shaft. Drawing 7 (A) It is the value used at the time of strengthening of the 
torque limitation explained by - (E). The accelerator opening AOP is maximum movement magnitude deltamax of 
a torque shaft between 0% (close by-pass bulb completely) - 80% as shown in drawing 15 . It is maintained at 
initial value (35 [rpm / 16ms]). Therefore, when the operator has seldom broken in the accelerator pedal, slip 
control explained in the 1st example is performed. This reason is that it is thought that the slip was generated 
without meaning when the operator has seldom broken in the accelerator pedal. 

[0124] On the other hand, between 80% - 100% (full open), the accelerator opening AOP is maximum movement 
magnitude deltamax of a torque shaft as the accelerator opening AOP increases. It is decreasing from initial 
value (35 [rpm / 16ms]) linearly to 0. If it carries out like this, when escaping from the depressed ground of a bad 
road and the operator has broken in the accelerator pedal, it is maintained at the initial state shown in drawing 
5 . without a torque shaft hardly moving. Therefore, even if a wheel slips and the angular acceleration AX of the 
2nd motor MG 2 increases considerably, a certain amount of torque is outputted from the 2nd motor MG 2. 
Consequently, it becomes possible to permit a slip and to escape from the depressed ground of a bad road. 
[0125] In addition, the graph of drawing 15 is instantiation, and generally, when the accelerator opening AOP is in 
the predetermined range near 100%, it should just adjust the degree of torque limitation according to the 
accelerator opening AOP. 

[0126] Drawing 16 is a graph which shows an example of change of the various parameters at the time of 
escaping from a bad road, when all slip control explained in the 1st thru/or the 4th example is adopted. If an 
operator breaks in an accelerator until the accelerator opening AOP becomes about 100% as shown in drawing 
16 (a), the torque of the 2nd motor MG 2 will increase ( drawing 16 (c)). and the rotational frequency N of the 
2nd motor MG 2 will increase ( drawing 16 (d)). However, when the accelerator opening AOP was about 100%, as 
drawing 15 explained, it is maximum movement magnitude deltamax of a torque shaft. It is set as 0 ( drawing 16 
(e)), and a torque limitation map is maintained, shown to drawing 5 . Since the torque of the 2nd motor MG 2 is 
restricted when angular acceleration AX is large even if it uses the torque limitation map of drawing 5 . motor 
torque falls. Moreover, as drawing 13 explained, motor torque is further restricted by the upper limit of the motor 
rotational frequency N. Consequently, although a slip is generated as an intention of an operator since the 
activation torque of the 2nd motor MG 2 is maintained at a comparatively small value, going up too much can 
avoid the motor rotational frequency N. In addition, although not shown by the example of drawing 16 . when the 
engine speed N of the 2nd motor MG 2 goes into the idling operation transitional zone explained by drawing 14 . 
an engine 1 50 is operated in the state of an idling. 

[0127] Thus, since torque limitation was eased irrespective of other conditions in the 4th example when the 
operator had broken in the accelerator pedal, it is possible to permit a certain amount of slip and to escape from 
a bad road. 

[0128] In addition, when an operator operates a specific torque control off-switch, in drawing 15 . it may be 
made to perform the same control as the time of the accelerator opening AOP being 100% instead of easing 
torque limitation according to the accelerator opening AOP. 

[0129] H. modification: — the range which this invention is not restricted to an above-mentioned example or an 
above-mentioned operation gestalt. and does not deviate from that summary in addition — setting — various 
voice — it is possible to set like and to carry out. for example, the following deformation is also possible. 
[0130] HI. modification 1: Although each above-mentioned example explained the so-called hybrid car of the 
machine distribution type which distributes engine power to an axle and the 1 st motor MG 1 , using a planetary 
gear as a power division device, this invention is applicable also to the so-called hybrid car of the electric 
distribution type which distributes engine power electrically using a motor/generator, without using a planetary 
gear. Since it is indicated about the hybrid car of an electric distribution type by JP,9-46965,A indicated by 
these people, for example, the explanation is omitted here. 

[0131] Moreover, this invention is applicable to other cars other than a hybrid car. That is, generally this 
invention is applicable to the car using at least one prime mover for driving a wheel. However, it is possible to 
perform slip control more efficiently like the hybrid car of the above-mentioned example, by car by which the 
output shaft of a motor is combined with the driving shaft of a car, since the responsibility of the torque control 
of the driving shaft by the motor is high. 

[0132] H2. modification 2: In each above-mentioned example, although strengthening and relaxation of torque 
limitation were performed gradually the fixed period, it may be made to perform at least one of strengthening of 
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torque limitation, and the relaxation at once. However, if it is made to perform strengthening and relaxation of 
torque limitation gradually, there is an advantage that the recurrence student of a slip can be prevented more 
efficiently. 

[0133] H3. modification 3: The value of the various parameters used in each example mentioned above is mere 
instantiation, and can use various values other than these instantiation. 



[Translation done.] 



httD://www4.iDdl.nciDi.EO,io/cKl-bin/tran_web_cgi_ejje 



2005/12/19 



JP.2001-295676.A [DESCRIPTION OF DRAWINGS] 



1/2 ^— V 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The explanatory view showing the whole hybrid car configuration as one example of this invention. 
[Drawing 2] The block diagram showing the more detailed configuration of a control system 200. 
[Drawing 3] The block diagram showing the circuitry related to slip control. 

[Drawing 4] The explanatory view showing an example of the torque command value / vehicle speed map set up 
according to the accelerator opening AOP. 

[Drawing 5] Usually, the graph which shows the torque limitation map of the 2nd motor MG 2 at the time of 
operation. 

[Drawing 6] The explanatory view showing strengthening of the torque limitation according to change of motor 
angular acceleration, and an example of relaxation. 

[Drawing 7] The explanatory view showing the situation of strengthening of the torque limitation in the period PI 

of drawing 6 . 

[Drawing 8] The graph which shows an example of change of the various parameters when not strengthening 
torque limitation. 

[Drawing 9] The graph which shows an example of change of the various parameters at the time of strengthening 
torque limitation by the 1st example. 

[Drawing 10] The explanatory view showing the 1st modification of strengthening of the torque limitation in the 
1 st example. 

[Drawing 1 1] The explanatory view showing the 2nd modification of strengthening of the torque limitation in the 
1st example. 

[Drawing 12] The graph which shows the rotational frequency N of the 2nd motor MG 2, and an example of 
change of angular acceleration AX. 

[Drawing 13] The explanatory view showing the upper limit of the motor rotational frequency set up in the 2nd 
example, and the torque limitation related with this. 

[Drawing 14] The explanatory view showing the range of the idling operation transitional zone set up in the 3rd 

example. 

[Drawing 15] Maximum movement magnitude deltamax of the torque shaft set up in the 4th example Graph which 
shows relation with accelerator opening. 

[Drawing 16] The graph which shows an example of change of the various parameters at the time of performing 
slip control explained in the 1 st thru/or the 4th example. 
[Description of Notations] 
112 — Axle 

114 — Differential gear 
116R, 116L — Wheel 



119 


— Case 


120 


— Planetary gear (power division device) 


121 


— Sun gear 


122 


— Ring wheel 


123 


— Planetary pinion gear 


124 


— Planetary carrier 


125 


— Sun gear shaft 


126 


— Ring wheel shaft 


127 


— Planetary carrier shaft 


129 


— Chain belt 


130 


— Damper 
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131 — Three phase coil 

132 Rota 

133 ~ Stator 

141 — Three phase coil 

142 — Rota 

143 — Stator 

144 — Rotational frequency sensor 

149 — Dc-battery 

150 — Engine 

1 56 — Crankshaft 

163 — Brake sensor 

165 — Accelerator sensor 

167 — Shift position sensor 

191,192 — Drive circuit 

194 — Dc-battery 

1 96 — Dc-battery sensor 

200 — Control system 

210 ~ Maine ECU 

212 214 — Two-way communication wiring 

220 — Brake ECU 

230 — Dc-battery ECU 

240 — Engine ECU 

260 — Motor control section 

262 — Motor main control CPU 

264.266 ~ Motor control CPU 

270 — Master control section 

272 — Master control CPU 

272a — Angular-acceleration decision section 

272b — Torque control section 

274 — Power control circuit 

280 — Abnormality hysteresis registration circuit 
282 ~ EEPROM 



[Translation done.] 
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2 2<Dmm 

[0 0 4 2] Sfc. aocDlHiettc^ h;i'i7H. iHlfe^t- 

mio<E>-r. (2) , (3) T-^^&ns-^roM» 

[0 0 4 3] 

- (2) 

/P - (3) 

1 2 6 TisiHife-r^. u >^=^=-vtt 1 2 6 (Dm^izjz^m 

tHtt<D^mm^l 1 6R, 1 1 6 LtrfeiSSn*. 1t 
>^i'W 1 2 5 ©Hitetc 1 1 

i5'MG2$r:^ff-rtltt\ U^i^^^^iil 2 6 tr^bT* 
till6R. 1 1 6 Llli!i;^7^ai:^r^Ci:*«-e#-2>. 

[0 0 4 8] ««jite^tr«. x>v>i 5 ooas^; 
»wi 1 2<Dm^m^ ('rts-t)^Mm i 2(00^ 

Sex h;U/7) ilt^^L-l^tttclg^^fn-So CKOi:^. 
X>->->l 5 0(Dai:/3(7)— gBH'J>i^^-\'ttl 2 6^:^- 
bTiS»:»t61 1 2('eA^n. 3^0<^aj::'J«^l<^^r 
-^'MG 1 {:J;oT«:^<!:LTlHl4$n^„ lil^k^nfc 
mf}\t.. m2co-t-^MG2 7&^U>^y^-\'f*l 2 6€:lHl 

*tti 1 2^ff(m(om^^xmm(oh)Vi7xmwi-t 

[0 0 4 9] »W1 1 2\zB.m^tl^ h;Ui7*s:^:j£r^ 



(6) 
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MGlT|il±Lfe«;'343<ttXA'-yx'J 1 4 9t::SA?>n 
[0 0 5 0] **]SS^J(DA-f^'J -y h*»i^H. X>->'> 

1 5 o^£)ieufc**ttjii-^:ichfcT5]tg-r^?.. x> 

5 0 &iSfe-r^<h. ^T'^'^-^^'J^-^'UTttl 2 7 

MGl €:SiJffllbT7^^^^'J*-V'J7'ifil 2 7 ©HieiS 

±5^(1) A^'bHje)*^;^j:®0> U >^'4^-\'ttl 2 6H» 
jl^r6]trSte-r^. ^JP->7.xA2 0 Oli. ^2©^:- 

[0 0 5 1 ] :7'^;t^^'U=^^-\'l 20«, U>if:^-\'12 

2 30i{?ltbfc^^liT. :/^;?^;5'>J + ^'JTl 2 4*3j;t>* 

<fin\i. X>v> 1 5 0 SrateL> mio^-^MG 
1 ^E^Me-r^^l A'y^U 1 9 4 

ifUG \ ^^^frttiU. ^<7)h;Vi7(rj:rpTX>v>l 

[0 0 5 2] C. ftimv-X^ACO^^S : gl2«. $iJ1Slv 
7>xA 2 0 0(7?J;t5Wlffl:^i«J«^^-^:5*'D->i7BlTS> 
■5= -r7.^mm^2 7 0\t. V7.^«9SICPU2 7 2 

mm^2 6 0\i. ^-^^$IJPCPU2 6 2 2-p<D 
^-^MGl. MG 2$r^tl^'n^J1fl-r^/2:*a)2-0(D 
cE._^j(^CPU 2 6 4, 2 6 6 t**bTVi-5, S-C 
Ptni, -^-tl-^^nH^b^^t^CPUtROMiiRAMt 

[0 0 5 3] VX^*aPCPU 2 7 2«. 3^colMil)« 
15 0, MGl, MG2(Dm^W'.-^hJVi7 0:>m^m<Dm 
mM^^^h. ft&©CPU-^ECU{C^aCDS*ftS:« 

z0mm<Drziibiz. tx^wcpu2 7 2tcii, ri^ 

•t;i/MS^*t-Ti'-fe>I'4^v->a >'fi-^AP 1 . AP2 
->7 hi3:S5:*Tv7 hd^vva >ft^S P 1 , S 

p 2#f*««s&$nTv^^o ua. T5'-fe;Hr>-y-l 6 5 

t->7 h#>^->3 >-fe>-tM 6 7tt, ^tl^n2afl:$ 
nTi50, 2-pcDTi7-t;l'4^v->3 >«^AP 1 , AP 
2i> 2:P(0->>' h^l^i^va ><i^S P 1, SP2t^ 

^n^en-^T.^mmc pu 2 7 2 t-wi^bTv^-So 

CO 0 5 4] miS*iJ??0JS2 7 4li. A'>y5=-U 19 4© 



^ffiaifi«BE^&^-f >ECU2 1 OrtO^lHliSfflWiSEE 

!S2 7 4H, VX3'*iJffllCPU2 7 2<DS^*Km-rS 

KM H !S i L T CD « #6 1) W b T V ^ S „ 
CO 0 5 5] X>v?>ECU2 4 0 li. VT.^'SiJffllCP 
U2 7 2A^e.-^A^>n;^rX>->'>ffi:'jS*ffiPEreQ I;: 
fSi;TX>v>l 5 0Sr$(IP-r^o X>v>ECU2 4 
0*^^)1^, X>i/>1 5 OcDlHlteS5:REVen;5^VX:S'Sil 
fflIC PU 2 7 2 izy-<— hVN'-yi^^tl-So 
[0 0 5 6] ^:-^'±©JIICPU2 6 2\t. VT-^^JP 
CPU 2 7 27!>^e.-^Ae>n/t^-^MG 1, MG2l'M 
f ^ h;l-i7S*fflT 1 req, T 2 reqt'C^l;T. 2 0(D^: 
-^'©JiaiC PU 2 6 4, 2 6 6 (C-?-tl-€-'tl«ijitS*te I 
Ireq, I 2 reqS-WS&T^p ^-^*(|?SIC PU 2 6 4 , 
2 6 6ti, «SSS*ffiI Ireq. I 2 reqirtJEoT^Sjlil 
?S 1 9 1 . 19 2 ^^tX^'timmVX . ^-^MG 1 . 
MG2 SIBft-r^.. ^:-^MGl, MG 2 ®@teia-t;> 
^-rS'MGl, MG2<D|51g|SREV 1, R 
EV 2^i'i:-9±mmCP\J 2 6 2 {3 7^ - HA'-y 5^ $ 
tlTV^^o taii^ ^-^i^imCPU 2 6 275^6VX^ 
©J13CPU2 7 2 (Cli, ^-rS'MGl, MG2C0I51te^ 
REVl, REV 2-^. A>yxU 1 9 4A^?>ffii!lIiI?Sl 
9 1, 1 9 2'v(D««l« I B/^si::*^^^- KA-y^^Sn 

[0 0 5 7] A'-yT^iJ ECU2 3 0\t. A*<y5^'J 1 9 4 

-VT-U 1 9 4cD5te«S*ttCHreq ^VXi$'«iJ^C P U 
2 7 2tr#fc!^-r-S). VX5'SiJ»CPU 2 7 2(i, IKOS 
^ttCHreq $-#l:bT*]^»«»{ii:^S:*^^o i" 

t):*;^ViWi:'3*x>i?> 1 5 0 trtH:^Sli-T. ^W-gK 
^11 1 W^r-rS'MG 1 (c<k^^«l!){^(cE^i-T'5o 

[0 0 5 8] 3^1/-- ^^ECU2 2 Ott, 0^b;/iV^tft)E 
•:/U—=^t. ^2C0t— ^MG2trJ;^lHl^>'l/-4^i: 

<DA^>xS:©^Wffli^ffc)<. :i(Da*fi. z.<r»\-i-:f 

iJ-yH*^T«, ■/l/-^Bt(r^2co^-^MG2lCJ; 
^lil^Wlf^TiSfTtsnTA^yT^U 1 9 4*S5te«;Stl^*^& 
Tafe^c *#:«It^tt. >'^-+ECU2 2 0«, 
^-fe>-y-l 6 375^5,(0 ■/I/-^)I:'JBPICS^'</^T. V 
X^'$iJ¥9CPU2 7 2t3|HliS*IIREGreQ $rA:^-r 
^. VX^*JIICPU2 7 2«, C(DS*ffiREGreq 
tr»t3l^T^:-5'MGl , MG 2CDi!)j^Sr^SbT, :/ 
l/-^ECU2 2 OtClU^glffMREGpracSr^'f- K 
A-yirf^. ■:;/p-+ECU2 2 Ottv Z.(r>'^^%^m. 
REGprac<h@*S*ffiREGreq CD^^i-i, ^1/-^ 

[0 0 5 9] e;±©<J;'5tC. VXiS'©JffllCPU2 7 2 
^ISid^lSO, MGl. MG 2©{iJ;'3<l:*^b 

^n-?n©*jffli?&tia-r^Ecu2 4 04>cpu2 



17) 
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6 4. 2 6 eizm^i&'^^l^t^o ECU2 4 04>CP 

U2 6 4. 2 6 6H. z.<Dm^mmcx^mmm=s:m'm 

f7;^^$9PCPU2 7 2 t^ilSillUT. 
[0 0 6 0] 400CPU2 7 2, 2 6 2, 2 6 4, 2 

^„ /jiJ. VX^'*JiWCPU 2 7 2(7)mi^tt, 

[0 0 6 1 ] ^#)iffis^i5i?s2 8 oti. m-M%±<Dm 

m^Sm-r^tzSf>(DEEPROM2 8 2^WbT(riS. 

C:(7)EEPROM2 8 2tCti, 7 ^ ±)V-t>-*)- 1 6 5 
iyyht^-y-ys >-fe>-tM 6 7 (DS^^^feOfflM;^^"^!* 

vX:S'fejffllCPU2 7 2 t^:-5'±*J»CPU2 6 
2 t(Dr^XmS:iM^tl^U±y hm^RES 1 , RES 
2;)SA:;'7$nTt^^. S#®SSSi|Hl!S 2 8 0 li. ;itt 
<b(DU-\Zy hmnRES 1 , RE S 2mn±-r^ ii. Z 
n€-|^flKcOEEPROM2 8 2 IC^^-T-So 

[0 0 6 2) -^X^^iJ^C PU2 7 2 tS^SS 

^eiHl?S2 8 0 tli. ^*l6]iiMiaM2 1 4 &^LTS 

^*|J»CPU2 7 2 i:^-37±$fJfflCPU 2 6 2<DFBT{r 

tj?i;^rtfijiimE^2 1 2f)mii<bnxi^^o 

[ 0 0 6 3 ] D. 7. 'J :/*tJffll<Dm 1 MMm : 0 3 ti, 

X u •:fmmtzm%r^m9^mm=s:^-r-:fD ^ 

VT.iJ'SlJ^C PU 2 7 2«. ftJDjSSSi^gS 2 7 2 
a tL-T(OtS«gt> h;U^SiJta|lg|52 7 2 btbXcD^^g 
i:$:*L.TU-5. ^^JlDiSaSt^gB 2 7 2 a H. lHlfeg:-b 
>1J-1 4 4*^e>^:-:5'i©JffllCPU2 6 2 S-^frLTWiiS 

$^T.fcft#RE V 2 (rat3^;.T. Il2(75^-37MG 2CD 

iHitejiSNt. m^mm(Dmfmtx$)^Ai}ams.Ax 
t^^mr^o ZZ.X. m^m&Nff^m&iivxii. m 

•5. lHlte©:-fc:>i^- 1 4 4ti. MAtf l 6m s fftcigte^ 

mN^m^-r^o zcom^iz. Amm&»:M^2 72a 

tt. it*il<Dia*3lHl(0lHlteiaKNO¥l^tlNave CT^S 
2r*J?)-5o ^bT. (4) SCfCS^T 

[0 0 6 4] 

AX (i) =Nave(i) -Nave{i-1) ••• (4) 
[0 0 6 5] ZZX, AX{i)iimMii)X(DA1]ammx 



$>iO. Nave(i)JJB?f^J(i-2). (i-l), (i) iCiitt-SlHllSjS 

[0 0 6 6] Z<Dtt. ntammAWtl emsSWiHl 

^^(Dmi\:^^-t(DX\ ^(Dmmt [rpm/16iDs] TfeS. 

[0 0 6 7] h;W^«fJffll8B2 7 2 btt, 7i7-fe;Hr>+»- 

1 6 SA^'o^X^nrz7^'tJVt^iy'>3 >ffl-^AP 1 , 
AP2t> A1}amm&:^^2 7 2 at)^<b^^ibtirzm^ 
^NtAtummAX, ioXlf. X>i^'>ECU 2 4 0*^ 
e>^^enfc:X>>?> 1 5 0<DjBliRfkREVentlzm-:i 
t^T. 2:p^:-^MG1, MG 2© h;i^i7m^fflT2re 
q, T 1 req X>v> 1 5 0(Dffl:'jS*ttPEreq 

[0 0 6 8] Ti7-k;nr>-y-i 6 5«. 2o<D-fe>-y-i 

65a, 1 6 5 bTlifiKSnxv^^o ;itie.O-t>1t 1 
65a, 1 6 5 hi bXH. 0i|Ali#7^>->3 
fiJfflnJ^Tfe^, l-;i'i7*iJ^S9gB2 7 2 bH, 2t3©-t> 
•y-16 5a, 1 6 5 b*^e.-^^e>tl)iTi7-fe;l.jJtvv-3 

>m^APl, AP2trao't^T. 7i7-b;i.^a 

[0 0 6 9] 04H, T^7-lr;^M§^AOPt'l^:l;T^^ 
tcwLT, *js<h h;ui7jg^«T r (mm\zm:h-r^^ 

Tt^^o ^ine.OV-yT'H. {»JAt^V7.^$iJfflIC PU 2 
7 2ffl(7)0^L;itUROMrt{cmS^$nTI/i-2>. Tiii, 
*IIJS«»JTtt. »3S<D«;*5Dtc:^2©^-:S'MG2®Iil 

m^Nf)mm-^n^. hji/i7$ij^aigB2 7 2 bii. :i(Dv 

T r tm2<D^—i^MG2<DM^^NtiZ^^CX. 3 0 
roSlftttll 5 0 , MGl, MG2<DlHlteiS:-^h;P;><0iB 

G2© H^l-i/H. 7. 'J •;'7'$iJPo;t*ir:ft]trajiSAXir 

[0 0 7 0] ^ttli8ffi*^ffl52 7 2 aiH;Pi7»J^ai5 2 

7 2bC0^^ti. S^Li^V^ROMlrtS^^^nfcT'oi/ 
^ASrV7,:S'»JS|ICPU 2 7 2;^»S||fT-r-5 ;i t (r J;-pT 

[0 0 7 1] U:^. m2(D^-^MG2 0ttiijmt, * 

%Bj{c^tt^ rre«,«ij trffl^L. (iife^-t>-y-i 4 4 
t^^jnjssyi«gP2 7 2 a\t:^^m\zi5if^ f^mmm 

[0 0 7 2] @5«, il^jltel^Jr*3{J-5^2©t-5' 
MG2CDh;l'5?$9[EV-y7'Sr^-ry7 7T*-5. C©^ 



(8) 
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Tmax (i, ^mm&AXA^:k^<rj.^\zm-DXm{p-r^ 

m^^Ni)mmizmj^vti^^xo\z-t^tz!^-c$>^. m 
[0 0 7 3) 121 6 x u -7 y'umom 1 

(:Sr#:WtClil 6ms) <Z)B#»J t 0, tl, t2-\Z^ 

[0 0 7 4] (S 1) ^WSSAXjit^lOL^V^MA 

XT 1 &.±r$)^. 

[0 0 7 5] m6^Z7f:■t^ol.Z. A1Sa&S.AXf)^Wi^(D 
HKOt^lMiAXT m±tr«fctlTV^-i)ffirBlP 1 {r 

21 2 aifi. P#^J t 1 ~ t 4 l3i3V^T:ftSn)S 
SAX:^^b#V»MAXT 1 SreATVi^t*iJ8(?-r^t. 

[0 0 7 6] 1217 (A) ~ (E) \%. 0 6 cOWPb"] P 1 tr 

ewR^^iJt OTli. ^fr^^JoaSAXc An 7 [rpm/16m 
slTibD. ^1 coL^V^ttAXT 1 (=2 0 [rpm/lBm 
s]) cfcOfe/h^V^XDT. h;i/i'$iMv-;/7'Hai^aOT 
$>-5 (07 (A) ) o Uii. *fT^JjOj«KAXc tH. 

[0 0 7 7] Bt^Jt ITU. -minW&^AXc-h^X^^ 
lijgAXT 1 $ri@xTVi^(75f > h;i/i7±PEffiTmax W 

t>;&':5&l«i]ir-^Kai^ij-«pf(i-rs (0 7 (B) ) . 
mx\±. 0 lrpii/16ins]T$>^o ts.^. mSl 

-SSIrftJinjiffiAXc ®fiaSr*tT*3 0. e^tilOSB 
l^^cDhJUi^MPBv-yT'itrfelt^SfTflnji^AXc • 

[0 0 7 8] 06 WB^^J t 2, t 3, t4{r*5t^Tt), 
•m^msm&AX c 7i5L#^^fflAXT 1 €rSATiri^C0 

fJS:*)*.. 1 emsSfCl 0 Irpm/iemsjT^ h-'Wi^ftSTSi 

(07 (C) ~ (E) ) . mb. fl#^iJt4T- 
H, ?;!J^*^^*^ecO h>»l'i7tt«^»*7i^*:^^»>»<5ma 
X (=3 5 Irpm/16Bs]) {r*J[B$n-&. ZlcOi-ptr. h 



[0 0 7 9] 0 7 (E) *^e.afS"t^-5ct5iC;. ^Itta 
SAXTi^L^l^ffiAXT 1 ■^mX.X\<^^m^ti^^<^< 

±PSMTniax m^tiiQ >i^^uimzmm-^n^o 

^. |g2c75^-^MG2CO|51fel5:N (■TJ'it^^.^ttl 1 

2(D^um) f)^MM\zmta-r^:iii^m±ir^ztf)^T' 

Zti\zmCXmm-t^, Z.(Dt^. 07 (A) ~ (E) 

[0 0 8 0] Z.^LXm6<DnM t 1 ~ t 4-e'h;i'i7§iJ 
[EA^^ftStlfc^. Bt^Jt 5TH^It)n3iaAX:^>5L^t^ 
«AXT l*}illr?^t^(DT. h;i'i7$lMv>7 7'ttB#^"J t 

tmaSAXTS^L^lMiAXT 1 *rS-e^-3T. A^C). ti, 
T<OiiJPEgfn*# (Mia) ~ (Ml c) (Do-^(D^-^-f 

[0 0 8 1 ] (Mia) B>lllt^^c75*IS3iK(75M7int 

(Mib) f^mm^AXii^o^xrxh^. 

(Ml c) *ji*i3 0km/hi^±T'*-&o 

[0 0 8 2] ^l(DVmm^m^M\ af)^^iL-t^(D 

/vx\^^^t^X'$>^o u^x, z(Dm'^iz\tm2(D^- 
m^\m^t'i^^nz^n^'timir^<E>tix\^^^mifiVtj. 
[0 0 8 3] m2<Dmmmm^^Mih/)miL-t^(D 

[ 0 0 8 4 ] ^ 3 (D*[|lli^fP#fe#M 1 c **fi)ci-r * © 

m^\mmmiz7.U'y:ff)m::-Drz'^x\ 7.^)^-/ 
f)m±v. Mmf)^±^vx^<m^tii£x$>^o 

[0 0 8 5] i*ae>c75 3-S)(0^#a^#M 1 a~M 1 c<D 
V^Ttl;^^ 1 075tRFf^©WrBl A t £^±J^5£b;'S:«-&{rH, 

T. nmmf^ P 2 ( A t =1^ 2 0 0ms) (Dmtzif^ia 

ms.Axmmzmzti^t. ^©^©B#»jt 1 o&.mz 



(9) 
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[0 0 8 6] hAi^umommt. ^mmizi^'.^x h )v 

$>-5)o 

[0 0 8 7] 0 8«. ±a?b;thJl'i7«iJIS»3iYb<&fT*:) 

^8 (a) (3^K-rJ;5(c31te^*57/7-b:;l'^^.ti 

(08 (c) ) . 7.Uy7'Ai%*LT^2©^:-^'MG 

2 conies N^^Sltit-^ (BIB (b) ) „ Z.<Dii^. m 

^(DX\ g|5ir43tt^ hJVi7mm'7yy'\zU-:>Xm2(D 

^-5'MG2(Dh;wi7ji^Md^$jlE$ti. ^-^h;i/i7 

;^^'-%iatr(gT-r^ (0 8 (c) ) , x^jyf 
m-B[iw±i.xm^^N:/}mT-t^. bA^L> late^ 

N7i5{£T-r^<i:^^JjajSaAXfefi;T-r-5(7)-e\ ^5(DK 
}l'i7mm-^yZf\zUr:>X'E-^ h)Vi7t}imta-r^:i LA^ 

Am^Lx'E-ipm^^NA^mM-r^o a 

[0 0 8 8] 0 9n> mimmmizj^^ h)Vi7mm(D^ 

yyxh^. z.(Dmx^. 09 (a) t;:*f Jc^trae 
^fi^7^-\::)v^mzm<myi-)Ltst. ^2co^-^mg 
2<Dh)Vi?f}^m.mv (09 (c) ) , 7,') y -fiim^i^ 

T^2©^:-i$'MG2(D(5Ite^N;5S,%ti-r-5 (09 
(b) ) o Cl©t#, ^2 0^:-iS'MG2(7)AljqjggSA 

Tm2©^-^'MG2(7)h;Ui7jg^ffi^SftiJ^$n. ^- 
iS' h;l/5';^5,<|i^(;:jg-jr-^^ (09 (c) ) . CCOJS*. 

X'J-v:7^*i-B.Hf?il:LTIilteicN*tigT-r-5. ^IdS 
T«08 ir^Lfc«-&<haiSlMi;Ta5-5<, LA^b, W.I 

^mmx\t. h;L'i7*jEg755ii:<'tiHi^?a$ti;'j: 

XU-yT'^^f^^bT^JDilSAX/JiffiTbTfe 

[0 0 8 9]@10tt. mi*JS«sjtCi5tt^ hJl.i7iiJ^ 

mmx\^. h)VirmW'mhti.-^'^tK -€-(Df^*:)Otr. « 
/hftJnii^fflAXiniii ;*s^-«{;:^{b-r-5, viCT. 
/h:ftj!)njS«ttAXliin J itt^ h;Pi7$jKvy :7^Jttc43 
t^Tft»jiSAX*tJRD»-5«/httS:«i*-r-S. 010 

(A) ~ (E) n. \')Vi7m\SL<Dmim\zm>hnmm& 



tlAXliai AS^'«?ICl@:^bTl'><«?-i&*bTU-S). 0 
10 (A) ~ (D) l3^-r«t^(I, SlfT^JDOiSSAXc 
*^«/h^^J)PjtS«tAXliiii S-aATU-54i-&l3(i. ^- 

010 (E) (f)^'^(D^o\z. m^^Mmf^x 

^-iJ' h;Pi7ti. h)V^mm-^yy'±.\z^K^x. ^oym. 
'hftJtojS^ttAxiim tict^T*$n-5 h;i'i7ffl (mfL 
T^-Tffl) T^JK^ns, a/jN^UPjiSttAXiiB tr*f 

(010 (E) ) , ntt5> N;ui7§iM(7)igfnB$ir 
[0 0 9 01 cirojt'^tr, h;ui7*M<D5*fl:t«iW&fT 

l^-^ti^{{:$-ti-^<J;3{cbTt), ±feil mjlfisjtisui 
\z. x^J y:/(D^±t(¥±tAmioM^n^-^^^^l& 

[0 0 9 1 ] 01 lit. mi^mmiziiif^ h)i^mm 
(D3i&it(D^2<D^mm^intmmmx$,^. :i(Dm2(D 
mmmxii, m i ^mmiz:tnf^m'\^fHmms.mAX]\ 

lim J chU. hJl'i7mm-^yy'±\Zi6^^X h)i^±mm 

Tlim t'^fb^it -Si, h)i^i7 MM-^ y:/<DmVi 
f)mi 1 (A) ~ (E) tr^f J;e)('^ft:t--5c ^-^^ 

hji'i7it. :i<Dmim(Dh)Ui7mm-ryy'±iziii^xm 
fTAmm&Axc\zj:-Dx^^ti^hAi7m (mat^ 
f) izji-oxmm-^n^, m±h)Vi/±mmT\m \zm 

±fE«Tiiin f}m'^\zm±-r^o 

[0 0 9 2] ;ic7DJ;-5(z, h;i/i7$iM©^fb<!:i^«JSrfT 
5 ;^cJ6 h^l- ©Jffi V ■:f(Dm± h i7 ;i'±^ffi T I in ^ 
^^lC^<t:$ti-^J;3(rbTfe, 1 Slifi^sj-^^ 1 

[0 0 9 3] ;iOJ;^)tc. ^l*JSfi»J-^^co^}g0iJlc4o 
l/^Tti. ^20t-37MG2(Dft]!jnaSAX755^1CC)b 
^UMAXT 1 ^@^Tl^-5»!ra{r43ViT^2 0^-^' 

uG2(Dh}ii7mm^^^'^iz^ifr^<Dx\ x^jyf^ 

Atams.Axt^L^^^mAXT 1 ^m\zi&~fL. a^-d. 
z(ov^\,mAXT 1 &.i^<om^(ommmfa^m^sSiiL 

Lx\,^^t^izh)Vi^mm^^^izm^-r^(Dx. 

[0 0 9 4] <cffli 1 2© (01) isMm^(om 



(10) 
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- ^ M G 2 <D h ;W i7 ^{WK-r S i: <t o T 7. U 7" 5r 

[0 0 9 5] E. 7. 'J yy'Mmo:>m 2 mmm 2mm 
mr-it, ±mLtzmimmm(Dmmizm^x. m2<D=E 

[0 0 9 6] mi 2(1, |B2(D^:-:5'MG2©IlIfe^N 

2 (B) tr^fi^Jr. i^SiJt iTitAtammAX^^m 

1 (Dt#VMiAXT 1 Sr^xTUSCDT. m 1 UlSS^JT 

gi?^bfeJ;-5tc h;Ui7WK;05^^t;$ti, 07 (B) \Z7j^ 

^-^MG2(Dh;l'd7j>t*iJIE$tlT, |5|fifcNHlft*.tr 

IgTL. ftJDjiSAXtifll COL-^V^ffiAXT 1 OTO 

(Mia) ~ (Ml c) iimwm'm^ t (0 6) fe'lti^ 
l^L;^Vi®T> N;i^i7^J[EW7'li0 7 (B) (D^^^CD 
**ai^Sn^o 012 (B) C09#^Jt 3JKI^T«. ^: 

2 (A) \Z^-ti^o\Z. 7.^)y-:fi)^Wit^-f\Z. ^-iS' 

[0 0 9 7] c:<DJ;3(c:. «J :/A^<?it-&f 

[0 0 9 8] (S 2) ^^J!)nji^AXA^IB2CDL^UfflA 
XT2EA±T?, ^-^[Hltel&N;i^^U •yT'B^lHlte 

^Ngrp t'4 0rpiD ^JjOSbfcM (Ngrp +4 0) 

[0 0 9 9] ^^-C. ■vT'^lHieScNgrp 0 
1 2 (A) , (B) tr^^nx^i-si^fc, ^^JaitStA 
X*i||2C0b€rV^ffiAXT 2 (=10[rpiii/16ins]) 
^itWro^^Jt 0lc43tt-5lHlte»<Dffl<£:«*-r^= r// 

tc:fett*tt*«fflLTt><i;<, -leiC, :fttinjiSAX;!>5 
® 2 » L ^ I ^{t A X T 2 ;^ ^ 1^- (D!^^® IwCfe 

[0100] ±f2©X U T'^^m^fr S 2 A^SSS $ tlT 
h;i/i?SOBISrff 3, 

[0 10 1] 01 3«, ^2mmm\^^^^-r:wL^^fii> 



fmt^^-tmmmxib^o 013 (a) 

{r. ^2 0^-:$'MG 2CD|lIteScCC>±fEfiNinax li, ^ 

[0 10 2] ( 1 ) Ngrp *U 0 0 Orpm JEHT©t^ : 
Ninax = 1 4 0 0 rpB 

(2) Ngrp f)^\ 0 0 Orpm ^l&X^ii^ : Nmax =N 
grp +8 0 0 rpm 

[0 10 3] ^*ie.roiiie^±fSI6Ninax 5^7 rU 
>vr;V^T114 (01) COjllHlteSrl5e±-r-5:ii:t) 

I 4dSja|51teLTLS'5plfiEtt*^«)^o iintrMLT. 

^2©^-^'MG 2®[5]G^NtZ±ie (1) , (2) W 
J;e>^c£±KftNiDax ^^^f ntf. {S(i2E*(7)*$fe(DlHl 

I I A<Dwmi\t.^^nm(owm\z'^'^^^t\zt£^, 

wC7)*gm. x7T^>>'^)U^Tl 1 4 a)jaiHllES:E&lt 

[0 10 4] h)v^mm\-x. 013 (b) \z^-fV)vc' 

Nc (3^fiE«lHieS) i©ll^i-Tfe-5|Hlte»^1S (Nma 

X -Nc) trjt^uT^^sti^o ;ict?> V)V!?mmm 

-^RtrtH. h;U^®Mv-y7'(D±IS«Tmax ir^U?. 
ti^fiTSO, MncDV)^^; ±mm\-i (Tmax xRtr) 
T-^Ae.tl^o -r;^<c:b*.. m2 0^-^MG2 0h;i/i7 

<D*^<D±KfiitL.TH> 06*5<J;af0 7tr*bfcJ:'5 
;S:h;i'i7$iMT-;:7f(D±ISttTmax {::, ;iWi!l^RtrSr 
(Tmax xRtr) ;5^'ffiffl$ti^o 
[0 10 5] lHlfeia^«;i^5 0 0 rpm &.±.<DL'B\Z\t.m 
(S#J'&Rtrm 0 0%Ta&i9, LTH0 
6, 0 7 lC5^L-;^c±fEttTmax 75^^(OS*figffl$n§o 
IhIKI5:*^S755 5 0 Orpm JWT(Oi;^lCti, UWtM 

^R{xi)mfm.^M\z)ALm\^tzm.tti^<Dx. mu<DV 

JVif^mm. (Tmax XRtr) t)Cl*a{:j£::CTBB»Sn 

^„ t^e^T. ^2(0^-^'MG 2«*fflHiefcNc*5^ 
cDiEfflNmax (rifil/^t^t'li, Hf^cD hJU^' 

/jNS/j:«it2«i#j$n^o *^T^Hlft^Nc*i± 

(EfflNmax §ri@it;^(/iJ;-5{rfg2(D^-^MG 2«t^ffll 
$^•5, /J;*5, *fflHlfei!cNc:*^^cD±[SffiNmax SrS 
ATt^^t^ (-r;^tt)*.[5]feia^^S;i5Sft(Di#) icli. 
mU(Dh)Vi; ±Mm.Tm2i\ X RtrmfOfI!^*©T, ^E" 

[0 10 6] ^-^m^mzii^v)Vi;umt- ^-^(dm 

(M2a) ~ (M2c) i)iir^X^iLLtz^'^\Z 

[0 10 7] (M2 a) ^frlUtel&NcA^yjyy^lHl 
teScNgrp H4 Orpm ^Mni^tzm. (Ngrp +4 0) £A 



(ID 
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(M2b) MammAX(oi&^mii^5 [rpm/iens] mm 
(M2c) mimt'€^<Dmmik(DmA^p!i^<off^m^:xT 
[0 10 8) zn'b(r)mf^^mi2 a~M2c<D-r'<T 

[0 10 9] c:(Dj;'5(3. m2mmm-cit, 112©^- 

^i^tlbfcCDT. X'J -;/7';i^*^i^LT^2(D^-iS'M 
[0 110) ;^t43, ^-^iEieicco$iJ^!c<t-5 

[0 111] F. 7.uy:fmm<Df$3mmm -.ms^m 

[0 1 1 2] 01 4ii, m3nmmizii\,^xm^^ti^ 
7^ i^u>^m^wtfmmut.. x>->->i5 

■r-g., i»:cD^ff (S3) >^5^3iLfctSt3li. VT.:?©! 
ffllCPU2 7 2li. X>v?>l 5 0^7-i \^U>if^m 
Tftfls 

[0113] (S3) ^-^(D^nm^W^N c *t JiKtt 
Nmax (c 2 0 0 rpm ^mWVtzm (Nnax +2 0 0) * 

[0 114] ;icD*#S 3;<i^fiE3iLTVi^i:€r(r(i, ^ 
h;U^2r-tfo{rLTt>, X>>?> 1 5 OTJ^ew 
i'tCioT*^! 1 2;55^1!;$tl-2)(DT. ^-^HeiS: 

c:roj;e>/j:«^(i> x>v>i 5 0^^^j6<)(r7-f 

[0 115] Z.(D^m7-( h*U >;/»e«. 
#(M3a), (M3b) ©•?*.cr)'>;5:<<i:t)-:&*^*fiK 

[0 116] (M3 a) ^-:$'MG2<7)SfTllieScNc 
*ii^'J y^lHlfeScNgrp 5 0 0 rpm 



(Ngrp - 5 0 0) *SlTS-5. 

(M3b) MmmmAxi)io&n^T$>^, 

[0 1 1 71 (M3 a) , (M3b) 

i>'>i 5 owai:^<Diiln$:W^-rsc:i(rJ;^T> ate 

[0 1 1 8) td^T. ¥i^(D?*iiB?flr7.U -yyL;ti 

x>v>i 5 0i^mmz7-( \^oyifVimiz 
::^Uy K*i^T'tt. mmm<DmWjij\t±izm2<D^-^ 

MG 2(DtiniZJ:-DXn>btlTii<0. C:<Ot#, X>v 
>1 5 0»ib;'3li^l (D^-^MG 1 lcJ:oT^t^:^i: 

m±^n^o mmm\z7.*jyy^^t. m2<D^-^M 
G2<Dmm^Nizj\>^>'^f)^^\::., :i<Dfi.tf>izmi<D 

^r-^MG 1 lZj;:-oXm±^tl^ntl'h/\>9->if-t^ 

zt7!}^$>^, ;i®<h^, x>v>i5 0(i. m±mtim 

^{I«Oj;5lrWffll$tl?)(7)T> X>v>150<7) 

[0 119] ^ZX\ VX^MC PU 2 7 2 ^jfi 
B^tCiJl^Tv ll2<D^:-^'MG2cOftjtJPjS^AX7!>S2 0 
[rpiii/!6Bis] ^S;^T(r^^«-a-{3li, 7.U -y :/*«^1;t 

>^vtmjzwtf^it^o d^-r-sdttcioT. xu-y 

^T'Srf^ihb. X>>'> 1 5 Oco/\>5=->i5*'$:|»lt-r-S):i 
[0 12 0] ;^*5. ^jiS#(Ii3tt*X>>7>CD^$iJT-f 

[0 12 1] :i<D^^iz. msmmmxit. m^oT.^ 
y:f^tii^mmiLvrct^iz. x>v>i 5 o^^$ij 

-So 

[0 12 2] G. x*j-y/mm(Dm4mmm: ±mLrz 
mifs-i^^m summit, t.^ y:f^w±-^^^rctf><D 

-^uaizit. $>^mmoyx u -y ^s-fF^-r^.itf-^Tis^i; 

■S. ^^T. m4||)5g0iJT«. mi*)!ffit?iJTIttHjbfcX 

tzL^ \z\i. X U >y 7'* W^-r -2. J; c> tr ©Jffli ^fr ^ . 
[0 12 3] 01 5tt. V)V^fm<D^^mziil,^^h 

)Vi7Mi<Dm.i^^mm6m\ 7^-\^)vm^t(Dm^^^ 

x\i. 0 7 (A) ~ (E) xmmLrzh)Vi7mm<D^it 
i^iiffiffl^n-sMTfes, 01 sir^^nx Vizi's 
(d. 7i7±)mmAopfiio% (±m) ~8 0%<ora 



(12) 
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\t. h m(Dm±f^mm d m\ mmm osirpm/i 
ems]) izmztx^, u-dx. m^m^^r^-tjv^y)^^ 

CO 1 2 4] — ^r, Ti7-fe;PM*AOP*^8 0%~1 0 
5 [rpm/lBBs]) OlIitt^Wl'Mii^bTt^^, ^I'^'T 

AX*tA^;^Oii:*cLTt), ^2(D^:-^MG27:i^6feS 

[0 12 5] Uii. mi 5(DifyyitM^XSblO. 
tc$)?)<i:^t', Ti7-t;i.ffiSAOP['Ji&i::Th;i'i7*J^ 

to 1 2 6] 01 6ii, mif3i\^^iy^4mmmxmmv 

tz7.v y:fm'm^-r^xWimvrzm-^iz. m^A-^^mta 

-r ^ I^CD^aM ^ ^ - iS? cD^fbCO— t^J SrS^f y 5 7 
01 6 (a) tr*-rJ:5tr3ie*:*57/7-t;WBB^A 

OP*nt«l 0 0 %\ZTi^^X7^±}V^m^ji.tSt. 

W.2(D=E-^MG2cr)[^)l^tmiXih (016 
(c) ) < ^2C0^-^MG 2(0|Hlte©:Nt)liJp-r'5 
(016 (d) ) „ L-6^L, Ti7-fe;P^SAOP75iS« 

ioo%<D«^{r«, 01 5TlttWb^cJ;-5(ch;Wi7tt 

om^f^mmdmax notc^^sn (01 e (e) ) , 

h ;Wi7 y y'\tm 5 l:^ bfci S (Sfctl^o 0 5 (O 

t # ti^ 2 ^: — 3^ M G 2 h ; w i7 ;5»t IE ^ n ^ © 

h)V^\t^'r-r^. ^fz. 01 STBJB^Lfc 

(Dmn hji'i^mm^'b^rmizmzti^ox. m^m 
mmz±wr^z.titmMx^^o rs-n. mi6(Dmx 

«*$nTV^;^tV^*^ l|2<0^-^MG2(DlHieia:N;(5« 

01 4X'm,mvrz7-( fu >y)ie^ff««(cAofc» 

So 

[0 12 71 z(D^yiz. fB4mmmx\t. mmmti^T 

^■\z)V^^)V^f&^')LhjX^^^t'^\z\t. 

i:>^-fh)v^m'm.^w^-t^^y\z\^fz(Dx. h^ms. 

[0128] ;^C^. Ti'-b^l'MfiAOPfriSUT h;Pd7 



yy.^ y'}-^%{^T^z.t\zii-DX. m\b\zioUX7 

5'-t;uwsAOP;!»n 0 0 %(Dt^t.n^^(Dmm^no 

[0 12 9] H. ^)^^J : tiio. :L(D%m\t±U(Dmm. 

m'^%MwWi\zwi(^t\^^o)x\tn.<. ^©^g^jftfltt 

\^ti^^mm\zii^^xm^<Dmmz^\,^x-m^b-t^:Ltifi 
'^m.xhK). mA.\t'.k(Diiots.m^%'^mx'h^. 

[0130] HI. ^J^^iiJ 1 : ±.U^MmX\t. Wltl 

^mmmtLx-:fy^^^)^7^m\''^x. xyi^yom 

ti^mmt'mi (D^-^MG 1 t\z^m-r^i-^t)^^m 
tt:^ffi^©A'f :/u y \iit.m\z-Di^xmmvrzf}^. 

m\t^ ■:fy^^>J=^7^m^^-flZ't-i^/i^:si^U-^ 
S-ffl 1/ ^T«aW (r X > ><Dii:'3 Sr:5i-iE-r S 

%^M^(0/\-1 7* 'J -y H*il^tlt>affl BlteT*§o 

{rJ;DM*sn;rc#W¥9-4 6 9 6 S^^ffit^Pfl^;^ 
[0 13 1] Sfc. *:%HJ«> A-f:/U-7 

mz. m^^mmir^rztb(D'pu< tt,i-D(DW.wim^ 
m^^fz^mizmm^mx'h^o (il, ±mMmm(D/\-( 

(Dh)li7m'm<Dit^^^^m^-^(DX\ X U T'^JHSJ; 0 
[0 1 3 2] H 2. ^?^^J2 : ±t2§lllffit«JTH, 

iigTfT5J;3trbTt)±i^o mb. h;i/i7$ijEE(7)5^{b 

^x)nmm\zm±x^^L\'^y%m^h^. 

[0 1 3 3] H 3. ^?^01|3 : ±aiLfe&**S«»lT«6ffl 

So 

[0 2 ] ©JiW vX^A 2 0 0 (D j; 0 Pffl^^tW^iKSr^-ry 
□ •>i7 0, 

[0 3] X 'J >y •:fmmzm%-t^m^m^^^'f:fu v 

i7 0o 

[04] Ti'-t;l.MffiAOP{CI&CT^5£$nfc h-'I'i' 

[05] iiajlfeS$tri5ttS^2(D*-3'MG2©h;i' 
i7^J|iBv-y:/&*^i^7 7o 

[0 6] =^-^^iim&(r>muz^>.\:,itV)\^^mw.<ry^ 
[0 7 1 06 ©»jrap 1 (3 tilts h;Pi7©jiE©^fk©« 
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mil] mimmm\zis^f^b)i^^mm(D^jt<Dm2 

mi 2] ^2<7)^-37MG2C0lplteScN<!:^J!jPjiSA 



mi 4] m3mmMizi^^^xm^^n^T-( }^^j>if 
[015] m4mmm\zi^\.^xt^^^n^ hji^^com 
mi 6] mi u^^LmAmmmxmmLrzT.^} yy^m 

yyo 

1 1 2"-*« 

1 1 4"^y7U>iy^)l^7 
1 1 6 R. 116 L--*^ 
1 1 

1 2 0 - v^^T^^^U^Pir (W}:^^mmm) 
1 2 1 "-y->^ir 

1 22 ''^)>^^^ 

1 2 }d-:ty^^ 

1 2 4 --:7^^^^U+^UT 

1 2 5'-it>^-Vtt 

1 2 6-U>^^-V*l! 

1 2 7 -7'^:t^^^U+^UTtt 



1 2 9 

1 3 0 

1 3 1 

1 3 2 

1 3 3 

1 4 1 

1 4 2 

1 4 3 

1 4 4 

1 4 9 

1 5 0 

1 5 6 

1 6 3 

1 6 5 

1 6 7 

1 9 1 

1 9 4 

1 9 6 

2 0 0 
2 1 0 
2 1 2 
2 2 0 
2 3 0 
2 4 0 
2 6 0 
2 6 2 
2 6 4 
2 7 0 
2 7 2 

2 7 2 a 

2 7 2 b 

2 7 4- 

2 8 0- 

2 8 2- 



i7 yy^y^y V 

Ti/^ji-ty^ 

yy h^yya y^iy^ 

1 9 2 -'mmmf& 

nv^^)-^y^ 
umyy^^h. 
;< ^ > E c u 

2 1 4-jx-)5^mm^m 

yi/-^ECU 

nyy-') ECU 
X>S^>ECU 

2 6 6 -^-^mmcFXj 

EEPROM 



[134] 



[05] 



Tr ♦ 




hil^JtB«TmaxCNml 
A 




100 

AXDpm/16hid 
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[02] 




H3 — ^ 





n 


^120 









(!5) 
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im6] 



17] 




10[rpm/16mc] 



niB|P2 



-S&pm/iems] 



(C) B»IHk2 
Tmax 

■ =20Dpin/1GnM(] 



(D) B^MtS 

Tmas 



d=30[rpni/t6m8] 
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[010] 



[011] 




(C) i*ltlt2 
Tnwx ^^AXfim 

d=20Crpn]/tenis] 




(D> E$|Er)t3 
TmaJ. ^^AXlim 

d=30{irpin/iefn»] 



(A) l*Mto 




(E) B»«t4 

Tmaac ^^AXBrn 

8 ina)(=35|>pin/1 6mB] 



AXtis23 



30 50 




Tmax 



30 50 



30 50 



[012] 



(A) =E-9mnm 




[Ell 3] 

(A) ^9mm»mm 



1B00 




Ngrp^aOO 



(B) h;u^lB 




Nmax-Nc 



+10[rpm/16ins] 
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[014] 



Ninax<N 




mi 5] 



Smax ^ 



36 



100 

AOP 



(a) n£ 



(b) 



(d) 



(b) 



AOP 



AX 



(c) h/P^ 



N 



6ffiax 



100 
50 
0 



00 



[Ell 6] 



20 




2000 



4000 



6000 



8000 Ons) 
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(#*) 3D037 FA23 FBOO FBOl 

3G093 AA07 BAOl CA04 DA06 DB02 
EB02 

5H115 PAOl PA08 PC06 PG04 PI 16 
P124 P129 P002 P006 P017 
PUlO PU24 PU25 PV09 PV23 
QE02 QE03 QEIO QE12 QE13 
QE15 Q104 QI07 QI13 QN03 
QN06 QN09 QN24 R608 RE05 
SE04 SE05 SE06 SE08 TBOl 
TB03 TE02 T102 T021 T023 
T026 T030 TZ07 UB05 



